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Investigation  of  a  reciprocal  ternary  system,  on  three  sides  of  which  complex  formation  occurs,  is  of  defin¬ 
ite  interest.  The  data  obtained  may  be  compared  with  the  results  of  investigations  conducted  earlier  [1,2], 

The  properties  of  the  Initial  components  of  the  system  -  sodium  and  potassium  acetates  and  butyrates  — 
were  set  forth  by  us  In  detail  earlier  [1,2],  In  the  present  work,  recrystallized  C.P.  commercial  acetates  were 
used.  The  butyrates  were  synthesized,  proceeding  from  butyric  acid,  and  the  corresponding  bicarbonates  accord¬ 
ing  to  directions  given  earlier  [3],  The  dry  salts  were  then  recrystallized  from  butanol.  The  melting  points  of 
the  salts  are;  sodium  acetate  331*,  potassium  acetate  301*,  sodium  butyrate  330*,  and  potassium  butyrate  404*. 
The  following  polymorphic  conversions  were  established  for  them  earlier;  CH3COONa  at  254*  [4],  CH3COOK  at 
58  and  155*,  C3H7CCX)Na  at  117,  232.  252,  and  316*,  and  C3H,COOK  at  190  ,  285,  and  345*  [5], 

EXPERIMENTAL 

The  work  was  done  by  the  visual-polythermal  method  of  physicochemical  analysis, using  the  customary 
procedure.  The  results  of  the  investigation  are  given  in  the  tables  and  shown  in  the  figures.  All  percentages  are 
molar. 

Binary  Systems 

1,  System  CH3COONa-CH3COOK,  Earlier  [1],  we  mentioned  complex  formation  here  for  the  first  time. 
Now  the  system  has  been  restudied.  The  three  branches  of  the  melting-point  curve  intersect  at  the  eutectic 
points  235*  and  53.5%  CH3COOK,  and  240*  and  61,5%  CH3COOK. 

2,  System  C3HTCOONa-C3H/::OOK.  We  described  this  earlier  [2],  Here  a  continuous  series  of  solid  solu¬ 
tions  without  any  extremum  occurs, 

3,  System  CH3COONa-C3HTCOONa.  This  was  described  earlier  as  a  system  with  complex  formation  [3], 
The  three  branches  of  the  melting-point  curve  Intersect  at  two  eutectic  points,  at  266*  and  33.5%C3H7COONa, 
and  250*  and  697oC3H7COONa,  Presumably  the  composition  of  the  compound  is  3CH3COONa  •  2C3H7COONa, 

4,  System  C3HtCOOK— CH3COOK.  This  is  described  for  the  first  time  (Table  1),  The  three  branches  of 
the  melting-point  curve  intersect  at  the  transition  ixjlnt  350*  and  20,5%  and  the  eutectic  point  273*  and  85,5% 
CH3CC)0K.  Presumably  the  composition  of  the  compound  is  6C3H7CCX)K  •  CH3COOK. 

Diagonal  Sections 

1,  CHsCOONa— C3H7COOK  passes  through  the  field  of  the  component  CHsCOONa,  the  field  of  the  com¬ 
pound  3CH3CCX9Na  •  2C3H7COONa,  and  the  field  of  solid  solutions.  The  three  branches  of  crystallization  inter¬ 
sect  at  220*  and  29%C3H7COOK  and  at  200*  and  44.5%  C3H,COOK  (Table  1). 
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TABLE  1 


Binary  system 
C,H7C00K-CH3C00K 

Diatjonal  sections 

CH.COONa 

-c.nxooK 

CH.COOK- 

c,h,coon.t 

mole  %  1 

CHjCOOKi 

mole  % 
C3H7COOK 

temp. 

mole  %  1 

CjHTCOONal 

temp. 

404*’ 

0 

331° 

0 

301 « 

10 

386 

5 

312 

5 

285 

15 

377 

10 

296 

10 

266 

20 

355 

15 

273 

15 

249 

20.5 

3.50 

20 

252 

15.5 

246 

22.5 

347 

25 

236 

20 

244 

25 

344 

30 

219 

25 

243 

30 

338 

35 

214 

35 

2.37 

40 

326 

40 

203 

40 

229 

45 

321 

42.5 

201 

45 

221 

50 

319 

44.5 

200 

48 

217 

60 

311 

45 

202 

50 

2.30 

77.5 

2S8 

50 

234 

55 

249 

82.5 

278 

55 

261 

65 

281 

85.5 

273 

65 

309 

75 

312 

87.5 

278 

75 

341 

85 

326 

90 

284 

85 

372 

90 

328 

100 

301 

90 

384 

95 

329 

95 

391 

100 

330 

100 

404 

TABLE  2 


Point 

Character 
of  point 

Tempera' 

ture 

Composition  (mole  %>) 

CH.COON.a 

CILCOOK 

CJI.COONa 

/i 

Eutectic 

180° 

26 

45 

20 

Pi 

Transition 

190 

9 

47.5 

43.5 

Pi 

The  same 

185 

27 

51  1 

22 

R 

Peritectic 

191 

29 

55 

16 

2,  CH3COOK— 031170 OONa  passes  through  the  field  of  the  component  OII3OOOK,  the  field  of  the  compound 
6O3H7OOOK  •  OII3OOOK,  and  the  field  of  solid  solutions.  The  three  branches  of  crystallization  intersect  at  246* 
and  IS.S^oOaHiOOONa  and  at  217*  and  48*70  OaHTOOONa  (Table  1), 

Internal  Sections 


In  order  to  bring  out  the  crystallization  fields  and  to  find  the  triple  nonvariant  points,  22  internal  sections 
were  studied,  the  trend  of  which  is  shown  in  Fig.  3,  and  the  melting-point  curves,  in  Figs.  1  and  2, 

A  projection  of  the  crystallization  surface  of  the  three-dimensional  diagram  on  the  composition  square 
(Fig,  3)  was  constructed  from  the  results  of  investigation  of  binary  systems  and  diagonal  and  internal  sections. 
The  liquidus  surface  of  the  system  consists  of  six  fields.  The  field  of  solid  solutions  is  retained  within  the  system 
and  occupies  43,77o,  the  field  of  the  compound  6C3n7COOK  •  CH3COOK  occupies  21,6*7o,  the  field  of  CH3CC)ONa 
16%,  the  field  of  the  compound  SCIiaCOONa  •  XallTCOONa,  11.9%,  the  field  of  CH3COOK,  5.6%,  and  the  field 
of  the  compound  2CH3COONa  •  3CH3COOK,  1,2%>  of  the  total  liquidus-surface  area  of  the  system.  The  lines  of 
cocrystallization  of  the  fields  intersect  at  the  eutectic  point  E,  two  transition  points  Pj  and  P2,  and  one  peritectic 
point  R.  The  temperature  and  composition  of  each  point  are  given  in  Table  2, 

Adiagonal  system.  The  entire  liquidus  surface  of  the  system  is  divided  by  tlirce  lines,  originating  at  the 
hypothetical  poles  of  the  compounds  3CH3COONa  •  2C3H7COONa  and  6C3H7COOK  •  CII3COOK,  into  four  phase 
triangles; 
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XXXiK 


CjHjCOOf/a  XXI  XX 


.mi  m  XV  CjUjCooH 


Fig,  3,  Projection  of  the  three-dimensional  diagram  of  the  system  Na,  KIICH3COO, 
ISO-C3H7CCX)  on  the  composition  square. 


1)  C3H7COONa-C3H;COOK-6C3HTCOOK  •  CH3COOK, 

2)  6C3H,C00K  •  CH3COOK-C3H,COONa-3CH3CCX)Na  •2C3H7COONa  with  transition  point  Pi, 

3)  3CH3COONa  •  2C3H7COONa-6C3H7COOK  •  CH3COOK-CH3COOK  with  eutectic  point  E, 

4)  CH3COOK— SCHsCOONa  •  2C3H7CC)ONa— CH3CODNa  with  transition  point  Pj  and  peritectic  point  R, 

DISCUSSION  OF  RESULTS 

The  presence  of  anionic  complexes  on  opposite  sides  of  the  system  square  suppressed  the  exchange  reaction; 
complex  formation  predominates  in  the  system.  The  system  is  of  the  adiagonal- zonal  type.  On  comparing  the 
present  system  with  the  diagonal  system  of  sodium  and  potassium  acetates  and  propionates  [1],  we  see  that  re¬ 
placement  of  propionates  by  butyrates  sharply  changed  the  character  of  the  system.  In  the  propionate  system  the 
presence  of  cationic  complexes  on  opposite  sides  of  the  system  square  had  no  effect  on  the  exchange  reaction  — 
both  compounds  tapered  off  and  ended  at  peritectic  points.  However,  the  presence  of  anionic  complexes  in  the 
system  of  sodium  and  potassium  thiocyanates  and  butyrates  [2]  also  had  no  effect  on  the  exchange  reaction.  In 
the  present  system,  as  in  the  propionate  system,  the  compound  3CH3COOK  •  2CH3COONa  tapers  off,  but  in  the 
present  system  it  occupies  a  somewhat  greater  portion  of  the  liquidus  surface.  Unfortunately,  owing  to  the  ab¬ 
sence  of  literature  data  on  the  heats  of  formation  of  propionates,  butyrates,  and  their  compounds,  we  cannot  re¬ 
late  all  the  facts  obtained  to  the  energetics  of  exchange  and  complex-formation  processes,  but  are  restricted  to 
the  mere  statement  of  them, 

SUMMARY 

1,  The  liquidus  surface  of  the  reciprocal  ternary  system  of  sodium  and  potassium  butyrates  and  acetates 
was  studied  for  the  first  time, 

•As  in  original  -  Publisher's  note. 
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2.  Data  on  the  binary  system  of  potassium  acetate  and  butyrate  are  given  for  the  first  time, 

3,  The  formation  of  a  compound  in  the  system  of  sodium  and  potassium  acetates  was  again  confirmed. 

In  conclusion,  we  consider  it  our  pieasant  duty  to  thank  A.  G.  Bergman  for  valuable  advice. 
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Earlier  it  was  shown  that  in  heteroanionic  binary  systems  of  the  sodium  salts  of  fatty  acids,  branching  of  the 
carbon  chain  in  the  fatty-acid  salt  radical  quite  definitely  affects  processes  in  the  melts;  however,  no  such  effect 
is  observed  in  systems  of  fatty- acid  potassium  salts  [1-4],  Hence,  it  is  of  Interest  to  investigate  systems  whose 
components  are  the  sodium  and  potassium  salts  of  iso- acids. 

Commercial  C.P  .preparations  of  sodium  and  potassium  acetates,  recrystallized  beforehand,  were  used  for 
the  work.  The  isobutyrates  were  prepared  from  commercial  "pure"  grade  Isobutyrlc  acid,  distilled’ beforehand, 
and  C,  P,  sodium  and  potassium  bicarbonates  by  a  method  described  earlier  [1];  the  dry  salts  were  then  recrystal¬ 
lized  from  butanol.  The  solidification  (melting)  points  of  the  salts  were:  CH3COONa,  331*;  CH3CC)OK,  301*; 
iso-CsHiCOONa,  262*;  and  iso-C3HTCOOK,  360*.  Polymorphic  conversions  were  established  earlier  [5]  for  these 
salts  by  the  method  of  differential-thermal  analysis,  as  follows:  CH3COONa  at  254*  [6],  CHsCOOK  at  58  and 
155*,  iso-C3HTCOONa  at  67,  91,  and  220*,  and  ISO-C3H7COOK  at  208, 273,  and  348*.  The  salts  melt  without  de¬ 
composition. 


EXPERIMENTAL 

The  work  was  done  by  the  visual-polythetmal  method  of  physicochemical  analysis,  using  the  customary 
procedure.  The  results  of  the  investigation  are  given  in  the  tables  and  shown  in  the  figures.  The  composition  of 
the  mixtures  is  expressed  everywhere  in  mole  percent. 


•Original  Russian  pagination.  See  C.  B,  translation. 
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TABLE  2 


«> 

1 

■soS  1 

Comp,  corresponding  to 
the  nonvariant  point 

No.  of 

phase  tiiangl 

Vertices  of  the  phase  triangle 

Character  ar 
temperature 
the  nonvaria 
point 

a 

2; 

0 

0 

u 

K 

0 

0 

0 

u 

X 

u 

n 

15 

0 

O 

u 

oS 

c 

0 

u 

0 1 
.3  0 

I 

CH3COOK  .  2  iso  -C3ll7COONa-lso- 
CsIlTCOONn-iso  ■C:,H7C()OK 

p  209® 

7.5 

15.5 

— 

77 

11 

ClhCOOK  •  2  Iso-CilIvCOONa-iso  - 
C3II7C60K— ilClIaCOOK  -2150  (’,3H7COOK 

P  192 

4.5 

49.5 

46 

— 

III 

CH3COOK  •  2  iso-CilhCOONa- 
CHsCOONa— iso  -C3H7COONa 

E  196 

23 

13 

64 

— 

IV 

CII3COOK  •  2  iso-C3H7COONa— 
Cn3COOiNa-3Cll3COOK  •  2iso-C3ll7COOK 

E  182 

18 

48.5 

33.5 

— 

V 

3CH3COOK  •  2iso-C3H7COOK'— 
3CII3COOK  •  2Cll3COONa-Cll;,COONa 

E  194 

29.5 

52.5 

18 

— 

VI 

3CII3COOK  •  2  iso-C3ll7COOK  — 
2Cll3COONa  •  3CII3GO6K— C 11 31:00 K 

P  205 

j  30 

56 

14 

Binary  Systems 

1,  CH3COONa-CH3COOK,  Complex  formation  in  this  system  was  mentioned  earlier  [7],  The  three  branches 
of  the  melting-point  curve  intersect  in  eutectic  points  at  235*  and  53,5‘7oCH3COOK,  and  at  240*  and  61.57o 
CH3COOK. 

2.  CH3COONa-lso-C3H^OONa.  This  was  described  earlier  [1],  The  two  branches  of  the  melting-point 
curve  intersect  in  a  eutectic  point  at  208*  and  587<>  iso-C3H)CCX)Na. 

^  lso-C3H7COONa- iso-C3llTCOOK.  The  two  branches  of  the  melting-point  curve  intersect  in  a  eutectic 
point  at  248*  and  7.5%  iso-C3H7COOK  [8]  (Table  1). 

4,  Iso-C3H7COOK-Cn3COOK.  This  was  investigated  by  us  for  the  first  time.  The  three  branches  of  the 
melting  curve  intersect  in  two  eutectic  points:  at  294*  and  32%CH3COOK,  and  at  291"  and  86.5%  CH3COOK. 
Presumably,  the  composition  of  the  compound  is  3CH3CCXDK  •  2iso-C3HTCOOK  (Table  1).  , 

Diagonal  Sections 

1.  CH3COONa—  iso-C3H7COOK.  This  passes  through  the  CHsCOONa  field,  the  field  of  the  compound 
CH3COOK  •  2iso-C3H7COONa,  and  the  iso-C3H7COOK  field.  The  three  branches  of  the  melting-point  curve  inter¬ 
sect  at  191*  and  36.5%  iso-C3H7COOK,  and  at  202*  and  48%  iso-C3H/:OOK  (Table  1). 

2.  CH3COOK-iso-C3HTCOONa.  This  passes  through  the  field  of  the  compound  3CH3COOK  •  2iso-C3H7COOK, 
the  iso-C3H7COOK  field,  and  the  iso-C3H7COONa  field.  The  four  branches  of  the  melting-point  curve  intersect 

in  three  points:  at  276*  and  11%  iso-C3H7COONa,  193*  and  49%  iso-C3H7COONa,  and  225*  and  86%  iso-CsHTCOONa 
(Table  1). 

Internal  Sections  of  the  System 

In  order  to  delimit  the  crystallization  fields  of  the  liquidus  surface  of  the  system,  it  was  necessary  to  in¬ 
vestigate  20  internal  sections,  whose  trend  is  shown  in  Fig.  3.  The  melting-point  curves  of  the  sections  are  shown 
in  Figs.  1  and  2. 

The  liquidus  diagram  of  the  reciprocal  system  was  constructed  on  the  basis  of  two  diagonals  and  twenty  in¬ 
ternal  sections  (Fig.  3).  The  liquidus  surface  of  the  system  consists  of  seven  crystallization  fields:  Four  fields  cor¬ 
respond  to  the  four  corners  of  the  composition  square,  two  correspond  to  compounds  formed  on  the  sides  of  the 
system  square,  and  one  to  a  hcteroionic  compound.  The  largest  portion  of  the  square  —  33.6%—  is  occupied  by 
the  Iso-C3HtCOOK  field,  24.4%  by  the  field  of  the  compound  3CH3COOK  •  2iso-C3H/200K,  23.8%  by  the 
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CH3COONa  field,  IJi^hhy  the  field  of  the  heterolonlc  compound  CH3COOK  •  21so-C3H7COONa,' 4,9*^?)  by  the 
CH3COOK  field,  4.6*^  by  the  lso-C3H7COONa  field,  and  0.9‘^5>by  the  field  of  the  compound  3CH3COOK  •2CH3CCX>Na. 

Six  triangulating  sections,  of  which  four  originate  at  the  pole  of  the  heterolonlc  compound  and  two  at  the 
pole  of  the  compound  formed  on  the  lateral  side  of  the  system  square,  divide  the  entire  reciprocal  system  Into  six 
phase  triangles  with  a  triple  nonvariant  point  In  each. 

All  data  on  the  phase  triangles  are  given  In  Table  2. 

DISCUSSION  OF  RESULTS 

In  this  system,  complex- formation  processes  predominate;  the  system  Is  adlagonal.  Within  the  system, 
probably  owing  to  the  Interaction  of  lso-C3H7COONa  with  the  compound  3CH3COOK  •  2lsO“C3H7COOK,  a  hetero- 
ionic  compound  with  the  probable  formula  2  Iso-CsHiCOONa  •  CH3COOK  Is  formed.  In  the  field  of  the  heteto- 
lonlc  compound  this  formula  corresponds  to  the  composition  having  the  highest  melting  point,  226*  {33%CH3COOK, 
60%  Iso-CsHiCOONa,  and  7%CH3COONa).  On  triangulation  we  took  this  composition  for  the  pole  of  the  com¬ 
pound;  however.  It  must  be  noted  that  the  field  of  the  compound  Is  somewhat  Inclined  to  the  diagonal,  possibly 
displaced  by  the  highest- melting  component  -  ISO-C3H7COOK.  . 

On  comparing  the  configuration  of  the  field  of  the  compound  formed  on  the  lateral  side  of  the  square  In 
the  present  system,  namely  2CH3COONa  •  3CH3COOK,  with  that  In  systems  where  the  second  components  were 
salts  with  a  straight  chain  of  carbon  atoms  In  the  radical  (Na,  K  ||  C2HSCOO,  CH3COO  [7],  and  Na,  K  ||  C3H7COO, 
CH3COO  [8]),  in  the  case  of  which  it  tapers  off  and  ends  In  peritectic  points.  It  Is  evident  that  replacement  of 
the  salt  by  the  Isobutyrate  stabilized  this  compound.  In  all  these  systems,  this  compound  occupies,  on  the  aver¬ 
age,  about  1%  of  the  llquldus  surface  of  the  system, 

SUMMARY 

1,  The  llquldus  surface  of  the  reciprocal  ternary  system  of  sodium  and  potassium  acetates  and  Isobutyrates 
was  Investigated  for  the  first  time. 

2,  Data  on  the  binary  systems  Iso-CsH^COONa— ISO-C3H3COOK  and  Iso-CsHtCOOK— CH3COOK  are  reported 
for  the  first  time. 

In  conclusion,  we  thank  A.  G.  Bergman  for  valuable  advice. 
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Systems  of  the  most  important  heteropolyacids  and  water  have  often  been  the  object  of  investigation  [1); 
the  solubility  of  heteropolyacids  in  organic  solvents  has  hardly  been  studied.  In  the  present  article,  the  results 
of  a  systematic  investigation  of  the  solubility  of  the  heteropolyacids  phosphotungstic,  phosphomolybdic,  silico- 
tungstic,  and  silicomolybdic  acids  in  alcohols  (ethyl,  propyl,  and  especially  isoamyl),  as  well  as  certain  data  on 
the  solubility  of  heteropolyacids  in  ethyl  ether  and  acetone,  are  set  forth. 

Initial  Compounds  and  Analytical  Procedure 

We  prepared  phosphomolybdic  acid  by  a  nonethcr  method  [2],  phosphotungstic  acid  by  a  method  using  ether 
[3],  and  silicomolybdic  [4]  and  silicotungstic  acids  by  a  nonether  method.  The  resulting  higher  hydrates  of  hetero¬ 
polyacids  were  dehydrated  in  desiccators,  first  over  HjSO^,  and  then  over  P2O5,  After  20  days  of  drying  over  phos- 
phoric  anhydride  the  following  heteropolyacid  hydrates  were  obtained;  H7tP(Mo207)6]  •  5,5H20,  H7[P(W207)6]  * 

•  2,51120,  Hj,fSi(M0207)6l  *  7H2O,  and  HsfSiC  W207)gj  •  5H2O,  These  hydrates,  containing  relatively  small  quanti¬ 
ties  of  water  of  hydration,  were  recrystallized  from  ethyl  and  propyl  alcohols,  dried  in  air,  and  analyzed.  Re¬ 
crystallization  from  the  alcohols  led  to  the  formation  of  mixed  solvates  of  heteropolyacids,  containing  water  and 
an  alcohol  (hydratoalcoholates).  Thus,  rccrystallization  from  ethyl  alcohol  gave  compounds  of  the  compositions: 
H7[P(W207)c]  •  I.5H2O  •  2C2H5OH,  H7[P(M0207)g]  *  4.5H2O  *  C2H5OH.  HgfSK  Mo207)6]  •  511,0  •  C2H5OH,  and 
Hg[Si(W207)6]  •  3H2O  •  2C2H5OH,  Rccrystallization  from  propyl  alcohol  gave  hydratoalcoholates  of  the  composi¬ 
tions:  H7[P(W207)6l  •  1.51120  •  2.6C3H7OH  and  H7[P(  Mo207)sl  •  3,51120  •  I.5C3II7OH,  Phosphomolybdic  acid  crys¬ 
tallized  slowly  from  alcohols,  a  viscous,  dark  green  solution  being  formed.  Rccrystallization  was  carried  out  in 
desiccators  or  in  the  air. 

The  ethyl  and  propyl  alcohols  which  we  used  in  the  investigation  were  dehydrated  over  potassium  carbon¬ 
ate  and  calcium  oxide  and  distilled.  Fractions  of  ethyl  alcohol  with  b,p,  78*  and  propyl  alcohol  with  b,p,  96-97* 
were  used  for  the  work. 

The  method  of  analysis  of  the  liquid  phase  consisted  in  evaporation  of  a  weighed  sample,  and  ignition  of 
the  latter  to  constant  weight.  Our  attention  was  directed  to  the  development  of  a  method  for  determining  alco¬ 
hols  in  the  solid  phases  of  heteropolyacid  hydratoalcoholates.  For  this  purpose  we  used  the  following  procedure; 

In  a  separate  sample  of  crystals  the  total  oxide  content  was  determined  by  ignition;  the  loss  in  weight  represented 
the  water  and  alcohol  content.  The  amount  of  water  was  determined  from  the  loss  in  weight  of  the  crystalline 
acid  on  ignition,  the  amount  of  alcohol  found  being  subtracted. 

For  alcohol  determination  we  used  a  procedure  based  on  oxidation  of  alcohols  by  potassium  permanganate 
in  an  acid  medium.  New  samples  of  the  solid  phase  were  taken  for  determination  of  alcohols.  In  accordance 
with  the  Kolthoff  method  of  alcohol  determination  [5],  10  ml  of  4  N  11,504,  and  an  excess  of  potassium  perman¬ 
ganate—  25  ml  of  0,1  N  solution  -  were  added  to  10  ml  of  0,1  N  ethyl  alcohol  solution. 

After  standing  for  a  day,  the  excess  permanganate  in  the  solution  being  analyzed  was  titrated  iodometrically; 
alcohol  was  determined  from  the  quantity  of  reduced  permanganate. 

In  order  to  check  the  suitability  of  the  procedure  under  the  conditions  of  our  work,  we  performed  experi¬ 
ments  in  the  determination  of  known  quantities  of  ethyl  alcohol  in  the  presence  of  phosphomolybdic ,  phospho¬ 
tungstic.  and  other  acids.  It  was  found  that  phosphotungstic  and  silicotungstic  acids  do  not  react  with  the  reducing 
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TABLE  1 


Solubility  of  Strongly  Dehydrated  Phosphotungstic  Acid  in  Alcohols  at  20“ 


Solvent 

(alcohol) 

Content  of  t 
H7[P(W207)6lj 
in  liquid  ^ 

Iphase  lln'7o)  i 

Comp,  of  solid  phase  (in *7*') 

Formula  of  the 
hydratoalcoholate 

nqrtw.o,),! 

water  j 

alcohol 

Ethyl 

84.62 

i 

9.''».()5 

t.r. 

3.45 

ll7lP(VV207)ol  .  2.5II2O 
2.2Cdl.-iOU 

Propyl 

79.72 

S2.78 

1..30 

15.92 

H7lP(VV207),,l  •  2.5II2O 
9C3II7OII 

TABLE  2 

Solubility  of  Strongly  Dehydrated  Silicotungstlc  Acid  in  Ethyl 
A  Icohol 


Content  of 

Ha[Sl(W707)6 

(in  *7o) 

jComp.  of  solid  phase  (in  *70)  j 

Formula  of  the 
hydratoalcoholate 

if.rsi(W,o,),i 

water 

alco¬ 

hol 

76.64 

03.77 

2.9 

3.33 

llK|Si(\V207)«l  • 
5113)  .  GjIlsOll 

agent;  therefore,  the  excess  potassium  permanganate  solution  was  titrated  iodometrlcally  with  the  required  accu¬ 
racy  in  their  presence,  and  the  alcohol  determination  was  reliable.  In  the  presence  of  molybdic  acids,  as  experi¬ 
ment  showed,  the  excess  potassium  permanganate  could  not  be  titrated  iodometrlcally.  since  the  molybdenum  is 
reduced  in  this  case,  and  the  solution  turns  blue.  For  back- titration  of  excess  KMn04  in  the  presence  of  hetero- 
polymolybdic  acids,  therefore,  we  used  OJL  N  hydrogen  peroxide  solution,  which  does  not  reduce  the  Mo''^^  anions 
of  phosphomolybdic  and  silicomolybdic  acids.  The  0,1  N  II2O2  standard  solution  was  stabilized  with  sulfuric  acid 
in  the  amount  of  2  g/ liter. 

Control  experiments  showed  that  the  amount  of  alcohol  titrated  was  97,6*70  on  the  average  in  the  presence 
of  0,5-l,0  g  of  phosphomolybdic  acid,  and  98,75*70  in  the  presence  of  a  like  amount  of  silicomolybdic  acid. 

Investigation  of  the  Solubility  of  Strongly  Dehydrated  Hcteropolyaclds  in  Ethyl, 

A  Icohol 

The  solubility  was  studied  by  the  customary  method  in  a  water  thermostat  whose  temperature  did  not  vary 
more  than  iO,l*,  Equilibrium  was  attained  after  mixing  for  3-5  hours;  samples  of  the  liquid  phase  were  taken 
with  a  pipet  having  a  tip  packed  with  glass  wool.  To  sample  the  solid  phase,  the  liquid  phase  was  poured  off, 
and  the  solid-phase  sample  was  carefully  pressed  out  with  filter  paper  on  a  glass  plate. 

Experiments  in  solubility  determination  showed  that  dehydrated  phosphomolybdic  acid  forms  extremely 
viscous  solutions  with  ethyl  and  propyl  alcohols;  no  solid  phase  separated  from  these  solutions  even  after  prolonged 
standing.  When  the  acid  was  added,  the  solution  viscosity  increased  until  a  vitreous  mass  was  formed.  No  crys¬ 
tals  were  found  on  microscopic  examination  of  the  viscous  acid  solution. 

Dehydrated  phosphotungstic  acid  also  gave  viscous  solutions  with  alcohols;  in  this  case,  however,  a  solid 
phase  separated  after  standing  for  48  to  72  hours,  and  samples  of  it  were  taken  for  analysis;  the  viscosity  of  al¬ 
coholic  phosphotungstic  acid  solutions  was  less. 

Dehydrated  silicomolybdic  and  silicotungstlc  acids  also  formed  viscous  solutions  in  alcohols;  the  behavior 
of  these  heteropolyacids  was  similar  to  that  of  phosphomolybdic  and  phosphotungstic  acids.  We  were  unable  to 
isolate  a  solid  phase  from  silicomolybdic  acid  solutions.  Nevertheless,  we  succeeded  in  determining  the  solubil¬ 
ity  of  silicotungstlc  acid. 

The  results  of  study  of  the  solubility  of  dehydrated  heteropoly  acids  are  given  In  Tables  1  and  2, 
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Solubility  (in  °Jo) 


TABLE  3 

Equilibria  in  the  Systems  H7[P(  Mo207)6]  •  24H2O  and  H7[P(W207)6]  •  2IH2O-  EtOH  and  PrOH 


Tempera 

ture 


Content  of 
anhydrous 
acid  in  the 
liquid  phase 
(in  <70) 


iNo,  of  moles  of  H2O  or  alcohol 

Comp,  of  solid  phase  (In  7o) 

_ _ hydratoalcoholatcs  _ 


anhydrous 

acid 


water  of  ,  .  , 

crystalliza- 

tion _ J . . . 


11,0 


CJl.Oll 


C  ll,OH 


Phosphomolybdic  acid  -  ethyl  alcohol 


0° 

72  ni 

70.10 

17.07 

3.74 

1.S.3 

10 

1U 

73.4S 

70.21 

17.O0 

3.70 

1H.4 

1.0 

20 

74.itr) 

70.23 

17.24 

3.53 

18.5 

1.8 

30 

74.G'» 

70.22 

17.. fi 

3.50 

ISO 

1.8 

40 

75.20 

70.21 

17. .37 

3.42 

18.7 

1.7 

Phosphomolybdic  acid— propyl  alcohol 


0® 

70.0 

7fi.ll 

17.70 

6.10 

10.12 

10 

71.1)7 

76  40 

17.fi  » 

.5.01 

10.02 

20 

72.30 

77.70 

1 7.53 

4.77 

1 8.80 

30 

72  72 

77  70 

17..M 

4.70 

18.80 

40 

72.97 

77.63 

17.62 

4.73 

18.70 

Phosphotungstic  acid- ethyl  alcohol 


no 

78.16 

86.00 

10.80 

2.12 

18.84 

0.88 

10 

70.36 

87.11 

lo.S<» 

2  10 

18.84 

0.88 

81 '.4  4 

87.34 

10.84 

1.82 

18.80 

0.75 

30 

81.35 

87..50 

10.41 

1.80 

18.42 

0.74 

40 

82.00 

8sS.22 

10.01 

1.76 

18.30 

0.72 

Phosphotungstic  acid- propyl  alcohol 


0° 

76.14 

8fififi 

0..53 

3.81 

15.88 

10 

77.40 

86  .5i  1 

0.04 

3.63 

1 5.88 

20 

78.70 

.‘•fi.r.o 

10.04 

2.^6 

18..50 

.30 

80.03 

86.54 

10.02 

2. .50 

1S..50 

40 

81.30 

86.68 

10.01 

2.41 

18.50 

Fig.  1.  Solubility  of  phosphomolybdic 
acid  in  EtOH  (l)  and  PrOH  (2). 


Fig,  2,  Solubility  of  phosphotung¬ 
stic  acid  in  EtOH  (1) and  PrOH  (2), 


a 

3  so 

3 

o 

U) 


Fig.  3,  Solubility  of  silicomolyb- 
dic  acid  in  EtOH  (1)  and  PrOH  (2). 


f 

?. 


Fig.  4.  Solubility  of  silicotungstic 
acid  in  EtOH  (1)  and  PrOH  (2). 


^0 


?.0 


w 


60 


S0°C 


Fig.  5.  Solubility  of  silicotungstic 
(1)  and  phosphotungstic  (2)  acids  in 
isoamyl  alcohol. 
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TABLE  4 


Equilibria  in  the  Systems  Hg[Si(Mo207)8]  •  28H20  and  H8[Si(VV207)e]  •  26H2O—  Ethyl  and 
Propyl  Alcohols 


Tempera¬ 

ture 

Content  of 
anhydrous 
acid  in  the 
liquid  phase 
(in  *70) 

Comp,  of  solid  phase  (in  °k) 

No.  of  moles  of  H2O  and  an 
alcohol  per  mole  of 
iHjCSKMojOtIsJ  and  HgfSilWjOT)#] 
in  solid  hydratoalcoholates 

anhydrous  Iwater  of 
acid  crystalliza-  1 

tion 

[alcohol  ^ 

j 

H,0 

1  C,H.OH  1 

C,H,OH 

Sllicomolybdic  acid-  ethyl  alcohol 


0® 

72.69 

78.49 

20.11 

1.40 

21.85 

1.0 

10 

74.40 

79.61 

18.80 

1.59 

20.40 

1.0 

20 

76.1(0 

80.37 

17.49 

2.14 

19.01 

1.0 

30 

77.56 

80.47 

17.40 

2.10 

19.05 

1.0 

40 

79.02 

80.58 

17.37 

2.05 

19.00 

1.0 

Silicomolybdic  acid-  propyl  alcohol 


0® 

70.2 

78.18 

2a42 

1.40 

22.55 

10 

72.3 

79.51 

18.21 

2.11 

19.79 

20 

74.18 

81.04 

16.03 

2.93 

17.53 

30 

75.82 

81.06 

16.05 

2.91 

17.56 

40 

77.15 

81.10 

16.07 

2.81 

17..56 

Sllicotungstic  acid -ethyl  alcohol 


0® 

79.5 

94.42 

5.22 

0.36 

9 

0.3 

10 

80.33 

94.21 

5.71 

0.35 

9.8 

0.3 

20 

81.04 

94.50 

4.36 

1.14 

7.6 

0.7 

30 

81.16 

94.91 

4.35 

1.15 

7.6 

0.7 

40 

82.04 

95.32 

3.48 

1.20 

6.7 

0.7 

Sllicotungst 

ic  acid— propyl  alcohol 

0® 

73.49 

9.3.16 

5.54 

1.21 

9.5 

10 

76.02 

93.45 

5.01 

1.30 

8.63 

20 

78.20 

93.71 

4.27 

2.02 

7.5 

30 

80.02 

9.3.91 

4.08 

2.00 

7.0.3 

40 

81. .56 

92.98 

4.12 

1.90 

7.03 

From  the  data  of  Tables  1  and  2  it  is  evident  that  phosphotungstic  and  si  lie  otu  tigs  tic  acids  are  readily  soluble 
in  alcohols;  phosphotungstic  acid  is  more  soluble  in  ethyl  alcohol  than  in  propyl  alcohol. 


Owing  to  the  fact  that  the  investigation  of  the  dehydrated  acids  was  greatly  hindered  by  the  prolonged  set¬ 
tling  time  of  the  solid  phase  and  the  high  viscosity  of  the  solutions,  the  solubility  of  the  heteropoly  acids  was  not 
determined  at  other  temperatures.  For  the  further  systematic  study  of  solubility  in  alcohols,  nondehydrated  hetero¬ 
polyacid  preparations  were  used. 


Equilibria  in  Systems  with  Nondehydrated  Heteropoly  acids- 

In  these  investigations  sampling  required  great  attention  and  skill,  owing  to  the  high  solubility  of  the  hetero 
polyacids  and  volatility  of  the  solvents. 

On  preparing  alcoholic  solutions  of  hydrated  heteropolyacids  we  did  not  observe  the  formation  of  such  vis¬ 
cous  systems  as  those  encountered  earlier  in  the  study  of  equilibria  with  dehydrated  preparations.  Equilibrium 
was  established  within  2-2,5  hours;  the  settling  time  was  2-3  hours.  We  studied  the  solubility  of  the  heteropoly- 
acids  in  the  0-40*  temperature  range.  The  results  of  study  of  the  solubility  of  hcteropolyacids  with  a  phosphorus 
complex- former  are  given  in  Table  3  and  Figs,  1  and  2, 


From  the  data  of  Table  3  and  Figs,  1  and  2,  it  follows  that:  1)  phosphotungstic  acid  is  more  soluble  in  al 
cohols  than  phosphomolybdic  acid;  2)  phosphomolybdic  and  phosphotungstic  acids  are  more  soluble  in  ethyl 
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TABLE  5 


Equilibria  in  the  Systems  H7[P(W207)6]  •  I6H2O  and  Hg[Si(W207)6]  •  I8H2O-  Isoamyl  Alcohol 


[Content  of  i  Comp 
[anhydrous  |  ;  ; 

Temp.  acid  in  the  anhydrous 
iliquid  phase  acid 


Comp,  of  solid  phase  (in  ‘7o) 

vdroiic  Water  of 

crystalliza-  alcohol 
^  tion 


No.  of  moles  of  HoO  and 
an  alcohol  per  mole  of 
H7[PIW207)6]  and  H8[Si(W207)6] 
in  solid  hydratoalcoholatcs 


Phosphotungstic  acid 


0° 

71.33 

87.9 

9.06 

3.04 

15.1 

20 

74.10 

88.10 

7.79 

4.11 

13 

40 

77.33 

88.24 

5.66 

6.10 

10.5 

69 

81.04 

88.34 

4.76 

6.90 

8.7 

80 

82.12 

90.3 

1.78 

7.92 

2.96 

Sillcotungstic  acid 


0° 

70.54 

87.87 

8..54 

3.59 

14.2 

20 

75.13 

87.91 

7.24 

4.8.5 

12.2 

40 

79.6.) 

88.18 

6.13 

5.60 

10.2 

60 

84.45 

IK  1.10 

3.6) 

6.30 

6.0 

80 

86.26 

92.60 

0.48 

6.92 

1.0 

T  ABLE  6 

Solubility  of  Hetcropolyacids  in  Acetone  and  Ethyl  Ether 
at  20* 


Original  compound 


>ontent  of  anhydrous  acid 
n  the  liquid  phase  (in  ^0) 


II.ISi(Mo.,0,)„l  .  ,  ,  . 

l!^.isi(\V.,()-),.i  .  18  1I2O  8(1.95  74.:i  On  the  basis  of  the  data  of  Table  4  and 

11  I^sIlO  71  98  ^  concluded  that  these 

'  '  ’  ’  ’  heteropolyacids  also  are  more  soluble  in  ethyl 

alcohol  than  in  propyl  alcohol,  sillcotungstic 
acid  being  more  soluble  than  silicomolybdic 

acid.  The  solubility  of  the  hetcropolyacids  increases  quite  markedly  with  temperature.  In  this  case,  the  com¬ 
position  of  the  solid  phase  changes,  the  amount  of  water  of  hydration  decreasing;  the  alcohol  content  in  the  hydrato- 
alcoholate  changes  slightly. 

Solubility  of  Phosphotung Stic  and  Silicotungstic  Acids  in  Isoamyl  Alcohol 

The  isoamyl  alcohol  which  we  used  was  distilled  beforehand  and  had  b,p,  129*,  We  studied  the  solubility 
of  phosphotungstic  and  silicotungstic  acids  in  isoamyl  alcohol  at  0-80*, 

Preliminary  experiments  showed  that  equilibrium  in  the  indicated  systems  is  established  within  3  hours. 

The  liquid  phase  was  analyzed  for  its  total  oxide  content.  The  solid  phase  was  analyzed  for  its  total  oxide,  water, 
and  isoamyl  alcohol  contents.  Isoamyl  alcohol  was  determined  permanganatometrically  by  the  procedure  given 
above. 

Results  of  the  solubility  study  are  given  in  Table  5, 


IT)  II2O 
18  II2O 

15.51120 

13.51120 


1 

Bcetone 

ethereal 

^olution 

solution 

75 

71.52 

80.95 

74.3 

82.55 

77  63 

— 

71.98 

alcohol  than  in  propyl  alcohol;  3)  the  solubility 
of  the  acids  increases  with  temperature;  in  this 
case,  a  slight  change  in  the  composition  of  the 
solid  phases  is  observed;  the  small  breaks  in  the 
solubility  curves  correspond  to  this. 

The  results  of  determination  of  the  solu¬ 
bility  of  nondehydrated  silicomolybdic  and  sillco¬ 
tungstic  acids  in  ethyl  and  propyl  alcohols  are 
given  in  Table  4, 
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Study  of  the  solubility  of  phosphotungstic  and  sllicotungstic  acids  in  Isoamyl  alcohol  shows  that  in  this 
case  the  amount  of  water  of  hydration  in  the  solid  phases  decreases  more  rapidly  with  Increase  of  temperature 
than  in  the  case  of  solution  in  ethyl  or  propyl  alcohol.  Owing  to  this,  the  breaks  in  the  solubility  curves  of  both 
heteropolyacids  are  more  pronounced  (Fig.  5). 

The  alcohol  content  in  the  solid  phase  varies  within  narrow  limits:  1,2  to  3  moles  for  phosphotungstic  acid 
and  1.3  to  2.5  moles  for  silicotungstic  acid. 

The  solubility  of  heteropolyacids  in  acetone  and  ether  is  also  higher  than  in  water,  the  solubility  in  acetone 
being  higher  than  in  ethyl  ether.  Phosphotungstic  acid  is  more  soluble  in  acetone  than  in  ethyl  alcohol.  Experi¬ 
mental  data  are  given  in  Table  6. 


SUMMARY 

1,  The  solubility  of  strongly  dehydrated  phosphotungstic  and  silicotungstic  heteropolyacids  in  ethyl  alco¬ 
hol  was  determined  at  20*.  Similar  experiments  with  heteropoly molybdic  acids  could  not  be  performed,  owing 
to  the  extremely  high  viscosity  of  alcoholic  solutions  of  the  indicated  compounds. 

2,  The  solubility  of  nondchydrated  phosphotungstic,  phosphomolybdic,  silicotungstic,  and  silicomolybdic 
acids  in  ethyl  and  propyl  alcohols  between  0  and  40*  was  studied. 

3.  Hydratoalcoholates .  containing  various  amounts  of  water  and  1-2  moles  of  an  alcohol,  were  isolated 
as  solid  phases. 

4.  The  solubility  of  phosphotungstic  and  silicotungstic  acids  in  isoamyl  alcohol  between  0  and  80*  was 
studied. 
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The  quantity  of  the  sesquiterpene  ketone ,  vetivone ,  contained  in  vetiver  oil  is  one  of  the  important  char¬ 
acteristics  of  this  essential  oil,  which  is  used  in  perfumery.  In  order  to  study  the  possibilities  of  separate  deter¬ 
mination  of  vetivone  in  vetiver  oil,  we  conducted  a  polarographic  investigation  of  vetivone,  using  a  background 


*  See  C3.  translation. 
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of  ammonium  chloride  and  hydrochloric  acid  [1],  which  showed  that  vetivone  could  be  determined  polarographl- 
cally  under  the  stated  conditions. 

The  purpose  of  the  present  work  is  to  ascertain  the  pH  range  in  which  polarographic  determination  of  veti¬ 
vone  is  possible,  and  also  to  study  the  mechanism  of  electroreduction  of  vetivone  at  the  dropping-mercury  cathode. 


EXPERIMENTAL 

The  polarographic  investigation  of  vetivone  was  conducted  by  means  of 
a  visual  polarographic  assembly  with  a  GZS-47  galvanometer  having  a  sensi¬ 
tivity  of  10"®  amp/ mm,  provided  with  a  shunt  which  reduced  the  sensitivity 
to  V200  of  maximum  value.  Two  dropping- mercury  electrodes,  whose  re¬ 
spective  capillary  characteristics  were:  l)  =  3.86  mg^^®  sec  2) 

m*/®t^/®  =  2.44  mg*/®  sec  */*,  were  used  as  cathode.  The  anode  was  a  satu¬ 
rated  calomel  electrode,  separated  by  an  agar-agar  bridge  from  the  solution 
being  polarographed,  A  temperature  of  25  ±  0,5*  was  maintained  in  the  thermo- 
statted  polarographic  cell.  Before  taking  each  polarogram,  electrolytic  hydro¬ 
gen  was  passed  for  15  min  through  the  solution  being  polarographed.  As  back¬ 
ground,  10^0  alcoholic- aqueous  buffer  solutions  with  pH  values  from  1,2  to 
9,0  were  used.  Hydrochloric  acid  buffer  mixture  was  used  for  pH  1-2,  citrate 
mixture  for  pH  2.6-8,  and  alkali-borate  mixture  for  pH  8-10.  The  pH  values 
of  the  indicated  solutions  were  checked  by  means  of  an  LP-5  pH  meter  pro¬ 
vided  with  a  glass  electrode. 

The  vetivone  which  we  used  for  the  investigation  was  isolated  from  the 
essential  oil  of  Vetiveria  zizaniodes  and  had  the  following  constants:  b.p, 

120*  (0,1  mm),  d*®  1.004  and  n*®D  1.526,  corresponding  to  literature  data  for 
vetivone  [2,3],  As  a  result  of  the  experiments,  we  found  that  in  media  with 
pH  values  of  l,2-5.5,  vetivone  was  reduced  at  the  dropping- mercury  electrode, 
forming  a  onc-step  wave  (Fig.  1),  whose  half-wave  potential  became  ever 
more  negative  as  the  pH  Increased.  In  media  with  pH  values  from  6,2  to  9,0, 
vetivone  was  reduced,  forming  a  two-step  wave.  The  second  steps  of  the  waves 
for  pH  6.2  and  6.4  had  a  small  maximum.  At  pH  9.0  the  first  step  was  very  faint,  so  that  the  half-wave  potential 
could  not  be  determined. 


Fig.  1.  PoLirographic  waves 
of  vetivone  at  different  pH 
values. 


The  relation  between  coneentration  and  diffusion  current  was  determined  by  polarographing  five  concentra¬ 
tions  of  vetivone  from  2.95  to  13,69  millimolarforeach  pH  value.  Since  it  was  necessary  to  use  two  capillaries 
in  the  course  of  the  work,  the  relation  of  diffusion  current  to  concentration  is  expressed  through  the  quantity 

K— — which  does  not  depend  on  the  capillary  characteristic.  The  relation  of  the  diffusion  current  to 

t///i  .3  / /« 

pH  is  shown  in  Fig.  2,  The  sum  of  the  diffusion  currents  of  the  first  and  second  steps  was  used  in  constructing  the 
graph.  As  is  evident  from  the  data  given,  the  total  diffusion  current  remained  essentially  unchanged  in  the  pH 
interval  1,2- 3, 5, decreased  as  the  pH  rose  from  3,5  to  7,  and  then  began  to  increase.  We  found  the  half-wave 
potentials  of  vetivone  graphically.  Up  to  the  appearance  of  the  second  step,  a  linear  relation  was  maintained  be¬ 
tween  the  half-wave  potential  and  the  pH  (Fig,  3),  which  is  expressed  by  the  equation  =0  q5Q  y. 

Apll 


The  half-wave  potential  of  the  second  step  was  essentially  independent  of  the  pH  (table). 
The  polarographic  waves  of  vetivone  conformed  to  the  equation  E  = 


0.0591 


n)'.n  ,  I 


where 


values  of  a,  found  from  the  slope  of  the  straight  lines  Ig-: — —  E,  vary  from  a.  =  0.33  to  0,63  as  the  pH  varies 

^a  ^ 

from  1,2  to  5,5;  this  indicates  an  irreversible  process  in  the  given  case. 


In  the  pH  interval  from  6.2  to  9,  a  =  0,48  for  the  first  step.  For  the  second  step,  a  =  0.85,  which  Is  close 
to  unity  and  indicates  a  reversible,  one-electron  stage  in  the  process  occurring  in  the  second  step  of  reduction. 
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Fig,  2,  Relation  between  the  diffusion  Fig,  3,  Relation  between 

current  of  vetlvone  and  pH,  for  vetivone  and  pH, 


Relation  Between  for  Vetivone  and  pH 


pH 

1 

^v,  ; 

1 

^V. 

1.2 

—1.020 

1.8 

-1.041 

— 

2.3 

-1.098 

— 

2.65 

-1.117 

— 

3.5 

-1.124 

— 

4.0 

-1.166 

— 

4.5 

—  1.170 

— 

,5.1 

—  1.205 

— 

5.5 

-1.2.53 

— 

6.2 

—1.113 

-1..330 

6.4 

—1.22 

— 

7.0 

-1.111 

-1.651 

9.0 

— 

—1.64 

According  to  the  data  of  [2],  two-step  reduction  at  the 
dropping- mercury  cathode  may  be  due  to  a  different  mechanism 
of  hydrogen  addition.  In  acid  media  the  reduction  goes  accord¬ 
ing  to  the  mechanism: 

R-f  ne  +  nll+  RIU.  (1) 

In  alkaline  media  it  goes  according  to  the  mechanism: 

R  I  ne  +  nllaO  — RH„+nOH'.  (2) 

At  pH  values  from  4,5  to  6,5,  both  processes  may  occur 
simultaneously.  It  is  further  stated  that  In  the  case  where  the 
process  goes  by  mechanism  (1),  a  functional  relation  between 
and  pH  is  observed;  when  it  goes  by  mechanism  (2),  how¬ 
ever,  this  functionality  is  less  marked,  or  even  completely  ab¬ 
sent. 


In  the  literature  there  are  also  numerous  data  regarding  the  mechanism  of  electrochemical  conversion  of 
carbonyl  compounds  which,  with  the  exception  of  certain  carbonyl-containing  compounds  having  a  double  bond 
conjugated  with  the  carbonyl  group  [7j,  are  reduced  to  alcohols  (two-electron  mechanism)  or  glycols  (one-elec¬ 
tron  mechanism)  [3-6],  Taking  into  account  the  two-step,  two-electron  reduction  of  vetivone  in  alkaline  media, 
which  excludes  the  possibility  of  the  reduction  mechanism  considered  in  the  case  of  ketones  with  conjugated 
double  bonds  [7],  as  well  as  the  fact  that  in  acid  and  neutral  media  vetivone  may  also  be  reduced  by  the  two- 
electron  mechanism,  we  believe  it  most  probable  that  the  electroreduction  of  vetivone  in  media  with  a  pH  from 
1,2  to  6,4  goes  according  to  the  following  equations: 


R=C=0  f  « -i-  11+  R=C-01I 

2R=(!:— OH  — R=G-OH  (3) 

I 

R=C-0H 

This  process  causes  the  formation  of  the  first  steps  of  the  vetivone  waves  and  leads  to  the  formation  of  a 
glycol. 

The  appearance  of  a  second  step  on  the  vetivone  polarogram  at  a  pH  between  6,2  and  9  is  due.  In  our 
opinion,  to  a  process  taking  place  according  to  the  equations: 

1st  wave.  R=r.=0  -f  ?  -f  HjO  — *  R=C-OH  +  OH'.  ,  . 

2nd  wave.  R=C— OH  +  e  -f  HjO  — >  R=CH— OH  -f  OH'. 


with  the  formation  of  an  alcohol.  At  a  pH  from  6,2  to  6,5,  the  first  wave  may  be  formed  as  the  result  of  a  proc¬ 
ess  conforming  to  mechanism  (3), 
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The  stated  conclusions  are  also  confirmed  by  the  fact  that  at  a  pH  from  1,2  to  5.5  a  linear  relation  between 
Ej  and  pH  Is  observed  for  the  first  step,  but  not  for  the  second, 

Tlie  relation  between  the  diffusion  current  and  pH  also  confirms  the  assumed  mechanism  of  the  process.  As 
is  evident  from  Fig.  2,  the  current  strength  diminishes  as  the  hydrogen-ion  concentration  decreases,  owing  to  the 
slackening  of  process  (3),  and  then  increases  with  the  rise  of  process  (4). 

In  conclusion,  we  consider  it  our  duty  to  thank  Yu.  S.  Lyallkov  for  valuable  advice, 

SUMMARY 

1.  The  polarographic  properties  of  vetivone  were  investigated  in  media  with  different  pH  values, 

2.  The  relations  of  Ei  and  Li  to  pH  for  vetivone  were  studied, 

3.  Possible  mechanisms  of  the  electroreduction  of  vetivone  at  the  dropping- mercury  electrode  are  given, 
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The  oxidation  of  alkylbenzene  hydrocarbons  and,  in  particular,  isopropylbenzene,  by  molecular  oxygen  for 
the  purpose  of  preparing  valuable  chamical  products  has  been  the  objective  of  numerous  investigations.  In  the 
first  works  in  this  field  [1,2],  however,  there  are  generally  no  indications  of  the  presence  of  peroxides  in  the  oxi¬ 
dation  products.  Isopropylbenzene  hydroperoxide  was  isolated  and  studied  for  the  first  time  in  1943  by  R.  Yu, 
Udris,*  who  oxidized  sufficiently  pure  isopropylbenzene  over  very  small  amounts  of  manganese  catalyst,  thus 
proving  the  possibility  of  carrying  out  the  process  with  only  slight  decomposition  of  the  hydroperoxide.  The  first 
report  in  foreign  literature  was  that  of  Hock  and  Lang  [4],  who  isolated  the  hydroperoxide  from  the  oxidation 
products  of  pure  isopropylbenzene  irradiated  with  ultraviolet  light, 

•Cited  in  [3], 
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TABLE  1 


Characteristics  of  Isopropylbenzene  Samples 


No,  of  sample 


and  alkylation  catalyst 

1 

n  HjP04 

/  Aid,  j 

on  kieselguhr 

^420 . 

1  ii.sni 

H/’O . 

l/i910 

1.4(110 

Boiling  range 

1 

Beginning  of  boiling 

i  I50.1« 

i.'vi.go 

Bolling  range  of 

10-9o7o  fraction 

1 

1  ir)0.5-ir)i..'i« 

1.^1.4-152/1' 

End  of  Ixiiling 

1  ira.o" 

15:».5'^ 

Iodine  number 

j  0.01 

1.17 

In  the  oxidation  of  isopropylbenzene,  emulsified  in  aqueous  sodium  carbonate  solution  [5],  an  extremely 
pure  hydrocarbon,  specially  purified  by  hydrogenation  to  a  methylstyrene  content  less  than  0,005‘7o,was  also  used. 

Other  authors  [6]  showed  that  by  preliminary  treatment  of  isopropylbenzene  with  certain  substances,  espe¬ 
cially  concentrated  sulfuric  acid,  the  rate  of  oxidation  could  be  sharply  increased.  Without  mentioning  other 
works  and  patents,  described  in  review  articles  [7],  it  should  be  noted  that  in  all  published  works  on  the  oxida¬ 
tion  of  isopropylbenzene  for  the  purpose  of  preparing  its  hydroperoxide  a  product  of  high  purity  was  used. 

The  possibility  of  using  lower  quality  isopropylbenzene  without  special  preliminary  purification  was  first 
shown  in  works  [8J  on  the  oxidation  of  isopropylbenzene  in  the  presence  of  caustic  alkali.  The  latter  process  was 
realized  in  a -methylstyrene  production  [9,  14],  However,  notwithstanding  the  industrial  use  of  the  alkali  method 
of  isopropylbenzene  oxidation,  a  number  of  questions  connected  with  the  peculiarities  of  this  process  remained 
obscure.  The  purpose  of  the  present  work  was  to  fill  this  gap  to  some  extent.  Two  samples  of  technical  isopropyl¬ 
benzene,  prepared  by  different  industrial  methods  of  benzene  alklylation  by  propylene,  were  used  in  the  work. 

The  first  sample  (I)  was  the  product  obtained  on  alklylation  in  the  liquid  phase  at  low  temperature  in  the  presence 
of  aluminum  chloride  catalyst.  The  second  sample  (II)  was  obtained  through  the  vapor-phase  alklylation  of  ben¬ 
zene  by  propylene  at  high  temperatures  and  pressures  in  the  presence  of  phosphoric  acid  on  kieselguhr. 

The  characteristics  of  these  samples,  given  in  Table  1,  show  that  they  differ  sharply  in  their  content  of  un- 
saturated  compounds.  The  increased  unsaturation  of  the  sample  alkylated  over  phosphoric  acid  is  the  result  of 
higher  working  concentrations  of  propylene  in  the  reaction  zone  of  tliis  process;  this  leads  to  the  development  of 
side  reactions  of  olefin  polymerization. 

The  isopropylbenzene  was  oxidized  by  atmospheric  oxygen  in  a  reaction  vessel  consisting  of  a  glass  cylinder 
of  about  100  ml  capacity,  with  a  sealed-in,  porous  glass  filter  and  an  electrically  heated  jacket.  Boiling  toluene 
(110")  was  used  as  heat  carrier.  A  diagram  of  the  setup,  which  is  similar  to  that  described  earlier  [10,  11]  is 
shown  in  Fig.  1,  In  order  to  carry  out  the  oxidation  in  the  kinetic  region,  the  air  feed  rate  was  maintained  at 
12  liters/ hour  per  60  ml  of  isopropylbenzene  charge.  The  degree  of  oxidation  of  isopropylbenzene  was  followed 
by  means  of  the  change  in  the  refractive  index  of  the  reaction  mass, and  calculated  by  the  formula:  X  =  0,298  X 
X  An*®D  •  10^,  where  X  is  the  content  of  oxidation  products  (in  mole  °lo),  which  may  be  regarded  as  equal  to  the 
total  degree  of  isopropylbenzene  conversion,  and  An^°D  is  tlie  difference  between  the  refractive  indices  of  the  re¬ 
action  liquid  and  isopropylbenzene. 

The  use  of  this  method  is  based  on  the  fact  that  the  refraction  coefficients  of  the  main  decomposition  pro¬ 
ducts  of  isopropylbenzene  hydroperoxide  —  dimethylphenylcarbinol,  acetophenone  —  as  well  as  that  of  the  hydro¬ 
peroxide  itself,  are  very  nearly  the  same. 

The  isopropylbenzene  hydroperoxide  content  a  (in  wt.^o)  was  determined  iodometrically  by  titrating  a 
sample  with  0,1  N  tliiosulfate  solution  [5,  16],  The  degree  of  decomposition  3  of  the  initially  formed 
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Fig.  1,  Diagram  of  the  setup  for  isopropylbenzene  oxidation:  1)  air  puri¬ 
fier;  2)  and  3)  flowmeters;  4)  electric  heater;  5)  thermometer;  6)  jacket; 
7)  No.  1  porous  filter;  8)  manostat;  9)  sample-takeoff  tube;  10)  condensers. 


Fig.  2.  a.  Effect  of  the  amount  of  sodium  hydroxide  on  the  rate  of  oxidation 
of  isopropylbenzene  I:  l)  nothing  added;  2)  0.01*7^’  NaOH;  3)  0.0570  NaOH; 
4)  0.107o  NaOH;  5)  0.507o  NaOH.  b.  Effect  of  the  amount  of  sodium  hydrox¬ 
ide  on  the  rate  of  oxidation  of  isopropylbenzene  II:  1)  nothing  added;  2) 
O.Ol7oNaOH;  3)  0.0257o  NaOH;  4)  0.057o  NaOH;  5)  0.107o  NaOH;  6)  0.207o 
NaOH. 
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b 


Fig.  3,  a.  Effect  of  the  amount  of  sodium  hydroxide  .on  the  decomposition  of  isopropyl¬ 
benzene  I  hydroperoxide  in  the  process  of  its  oxidation:  1)  0.01%  NaOH;  2)  0.05%  NaOH; 
3)  O.lO^n  NaOH;  4)  0.50%  NaOH.  b.  Effect  of  the  amount  of  sodium  hydroxide  on  the 
decomposition  of  isopropylbenzene  n  hydroperoxide  In  the  process  of  its  oxidation:  1) 
0.05%  NaOH;  2)  0.107o  NaOH;  3)  0.20%  NaOH. 


hydroperoxide  was  calculated  by  the  formula:  0  =  *100%, 

where  y  =  — is  the  hydroperoxide  content  (in 

mole  %),  calculated  from  analytical  data  for  a  (in  wt.%). 

The  error  of  determination  of  fl  grows  when  the  degree 
of  hydroperoxide  decomposition  is  appreciably  increased  ,but 
in  the  region  of  slight  decomposition  satisfactory  accuracy 
of  measurement  is  obtained. 

At  the  beginning  of  the  work  the  refraction  coefficient 
n*®D  was  determined  by  means  of  a  refractometer  of  the  Abbe 
type  .generally  used  for  control  in  isopropylbenzene  hydro¬ 
peroxide  production,  wliich  gave  a  variance  An^°D  =  i  0.0002 
in  different  measurements;  tliis  leads  to  an  error  of  about  1% 
in  the  determination  of  the  degree  of  oxidation.  In  subse¬ 
quent  experiments,  however,  where  it  was  necessary  to  study 
the  character  of  the  initial  stage  of  the  process  more  pre¬ 
cisely,  an  IRF-23  (Pulfrich-type)  refractometer  was  used; 
this  permitted  an  approximately  tenfold  increase  in  the  ac¬ 
curacy  of  determination. 

In  experiments  in  the  alkaline  oxidation  of  isopropylbenzene,  0.4-1.0  wt.%  of  isopropylbenzene  hydroper¬ 
oxide  was  added  to  the  latter  beforehand.  This  "priming"  permitted  a  sharp  decrease  in  the  length  of  the  in¬ 
duction  period  usual  for  hydrocarbon  autoxidation.  The  kinetic  curves,  given  in  Fig.  2  for  both  isopropylben - 
zene  samples, show  that  free  caustic  alkali  substantially  affects  the  rate  of  oxidation.  Thus,  addition  of  caustic 
alkali  causes  a  steep  rise  of  the  kinetic  curve  at  the  very  beginning  of  the  reaction,  the  height  of  this  rise  increas¬ 
ing  regularly  with  the  quantity  of  alkali.  The  difference  in  the  initial  stage  of  the  process  for  different  isopropyl¬ 
benzene  samples  consists  only  in  the  fact  that  the  height  of  the  jump  in  kinetic  curves  obtained  with  a  given 
quantity  of  caustic  alkali  is  about  twice  as  great  for  the  purer  product  I  as  for  sample  II.  In  the  following  oxida¬ 
tion  period  the  reaction  rate  is  a  more  complex  function  of  the  quantity  of  alkali.  Thus,  on  addition  of  0.05%  or 
more  of  NaOH  the  branches  of  the  curves  after  3-4  hours  of  oxidation  have  practically  the  same  slope  for  both 
isopropylbenzene  samples.  With  smaller  quantities  of  alkali  a  different  oxidation  rate  is  observed  throughout  the 
entire  experiment.  In  this  case,  the  less  pure  isopropylbenzene  sample  II,  which  practically  Is  not  oxidized  at 
all  in  the  absence  of  alkali,  reacts  very  slowly  even  in  the  presence  of  0.025%  NaOH,  while  the  final  rate  for 
sample  1  approximates  the  maximum  even  with  0,01%»  NaOH.  The  differences  found  in  the  character  of  the  ef¬ 
fect  of  small  amounts  of  alkali  on  the  oxidation  of  Isopropylbenzene  samples  I  and  II  are  apparently  due  to  the 
presence  therein  of  different  amounts  of  harmful  admixtures,  in  the  binding  of  whose  conversion  products  differ¬ 
ent  amounts  of  alkali  are  consumed. 


Fig.  4.  Kinetics  of  oxidation  of  isopropyl¬ 
benzene  I  in  the  presence  of  bis-isobutyric 
acid  azodinitrile  and  alkali:  1)0.05%  NaOH; 
2)  0.05%  diniz;  3)  O.lO^o  NaOH;  4)  0.10% 
diniz. 
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Hours 

Fig,  5.  Oxidation  kinetics  of  isopropyl¬ 
benzene  I  In  the  presense  of  equivalent 
quantities  of  NaOH  and  Na2C03:  1) noth¬ 
ing  added,  Expt,  134;  2)  Na2C03 
(cquiv.  to  0,0570  NaOH),  Expt,  130;  3) 
0,057o  NaOH.  Expt.  135. 


Hours 


Fig,  6.  Oxidation  kinetics  of  isopropyl¬ 
benzene  I  in  the  presence  of  equimolar 
quantities  of  RbOH,  KOH,  and  NaOH;  1) 
nothing  added,  Expt,  76;  2)  NaOH  (0,05 
wt,7o),  Expt,  72;  3)  KOH  (cquiv,  to 
0.05%  NaOH),  Expt.  70;  4)  RbOH  (equlv. 
to  0,05%  NaOH),  Expt,  66, 


In  the  light  of  current  concepts  [12],  the  chain  reaction  of  oxidation  is  initiated  by  free  radicals  formed  in 
the  decomposition  of  the  hydroperoxide.  In  conformity  with  this,  the  sharp  increase  in  the  reaction  rate  in  the 
initial  period  of  isopropylbenzene  oxidation  in  the  presence  of  caustic  alkali  should  be  due  to  an  increase  in  the 
free-radical  concentration  as  a  result  of  acceleration  of  the  radical  decomposition  of  isopropylbenzene  hydro¬ 
peroxide  by  alkali.  Tills  conclusion  is  in  accord  with  the  curves  of  variation  of  the  degree  of  isopropylbenzene 
hydroperoxide  decomposition  witn  respect  to  the  degree  of  conversion  for  the  same  experiments  (Figs,  3a  and  3b), 
which  show  that  at  the  beginning  of  the  oxidation  the  reaction  rate  is  liighcr,  and  the  degree  of  hydroperoxide 
decomposition  is  greatly  increased. 

Finally ,  this  conclusion  is  confirmed  by  the  closeness  of  the  kinetic  curves  of  isopropylbenzene  oxidation 
under  the  usual  conditions  of  the  alkali  process,  and  on  initiation  of  the  reaction  by  addition  to  the  isopropyl¬ 
benzene  of  bis-isobutyric  acid  azodinitrile  (dinlz  ),  which  rapidly  decomposes  at  60-70*  to  form  free  radicals  [13], 
In  experiments  with  dlniz, hydroperoxide  "priming*  was  not  used. 

Experimental  kinetic  curves  (Fig,  4)  in  both  cases  indicate  the  identity  of  the  character  of  initiation  of  the 
reaction  by  free  radicals.  Thus,  when  the  reaction  is  initiated  by  diniz,  the  latter,  being  practically  completely 
decomposed  in  the  first  10-15  min,  leads  to  a  sharp  increase  in  the  free-radical  concentration,  which  makes  for 
a  high  reaction  rate  in  this  period.  When  the  diniz  is  used  up,  the  chain  reaction  is  maintained  only  through  the 
thermal  decomposition  of  isopropylbenzene  hydroperoxide  itself  into  radicals,  the  rate  of  which  is  relatively  low. 
This  transition  from  one  source  of  initiation  to  another  is  reflected  in  the  kinetic  curves  in  the  form  of  breaks, 

A  1007o  increase  in  the  quantity  of  diniz  does  not  change  the  character  of  the  process,  but  the  height  of 
rise  of  the  curve,  up  to  the  break  point,  increases  in  tills  case.  The  absence  of  direct  proportionality  between  the 
height  of  the  "jump"  in  the  curve  and  the  quantity  ot  diniz  obviously  is  due  to  the  increase  in  the  rate  of  recom¬ 
bination  of  free  radicals  on  increase  of  their  concentration.  On  the  basis  of  the  fully  analogous  character  of  the 
curves  in  Fig,  4  for  the  alkali  oxidation  process,  it  may  be  assumed  that,  in  this  case,  decomposition  of  isopropyl¬ 
benzene  hydroperoxide  into  free  radicals  under  the  influence  of  caustic  alkali  occurs  mainly  in  the  initial  period 
of  oxidation,  during  which  the  alkali  is  bound  by  acid  byproducts  of  the  reaction;  after  it  is  almost  completely 
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used  up,  the  process  continues,  as  In  the  case  of  initia¬ 
tion  by  diniz,  through  the  thermal  decomposition  of  the 
hydroperoxide.  From  this  point  of  view,  the  above- 
mentioned  difference  in  the  effect  of  the  amount  of  al¬ 
kali  on  the  oxidation  of  isopropylbenzene  of  different 
degrees  of  purity  is  understandable.  Thus,  in  the  case 
of  sample  n,  which  has  more  harmful  impurities  (see 
Fig.  2b),  0.026*70  of  NaOH  was  not  enough  to  bind  the 
reaction  byproducts ,  as  a  result  of  which  the  initial 
■jump"  in  the  reaction  rate  was  not  observed  at  all;  the 
latter  remained  very  low  throughout  the  experiment.  In 
the  case  of  the  purer  sample  I,  as  was  mentioned  above, 
about  half  as  much  alkali  was  required  in  order  to  bind 
the  reaction  byproducts,  which  inhibited  the  process. 

On  the  basis  of  the  virtual  constancy ,  mentioned  in  the 
discussion  of  Fig.  2,  of  the  reaction  rate  on  increase  of 
the  quantity  of  alkali  over  0.057<’,  it  may  be  inferred  in 
the  light  of  the  conclusions  reached  above  that  the  excess  alkali  promotes  an  increase  in  the  rate  of  hydroperox¬ 
ide  decomposition  in  the  Initial  oxidation  period,  and  simultaneously  leads  to  increased  formation  of  acid  by¬ 
products  (e.g.,  benzoic  acid).  In  this  case,  correspondingly,  a  greater  amount  of  alkali  is  consumed  in  binding 
them,  and  in  the  subsequent  periods  of  oxidation  free  alkali  is  practically  absent  in  all  cases. 

Turning  to  the  mechanism  of  the  effect  of  free  alkali  on  the  initiation  of  isopropylbenzene  oxidation,  we 
must  point  out  that,  in  earlier  works  [8],  intermediate  formation  of  the  sodium  salt  of  isopropylbenzene  hydro¬ 
peroxide  in  the  alkali  process  of  oxidation  was  assumed;  the  latter  also  decomposed  into  free  radicals.  Later  (15J, 
it  was  experimentally  shown  that  the  anhydrous  sodium  salt  of  the  hydroperoxide  can  form  a  complex  with  the  free 
hydroperoxide,  of  the  type  ROONa  •  ROOH  (where  ROOll  is  isopropylbenzene  hydroperoxide,  and  ROONa  is  its  salt), 
wfiich  has  much  less  thermal  stability  than  the  hydroperoxide  salt  itself. 

On  the  basis  of  these  data  the  mechanism  of  Initiation  of  isopropylbenzene  oxidation  in  the  presence  of 
caustic  alkali  may  be  represented  by  the  following  reaction  scheme; 

noon  -i-Moii  -  ,  HooM  I  11,0 

ROOM  -»  ROOll  —  (ROOM- ROOll) 

[ROOM-ROOllj  —  ROO--*-  RO-  t-  MOll 
ROO-i- R 11  — ROOll -t-R. 

RO.-f-RlI  — ROll-i  R. 

R  -  cumyl  radical;  M  -  alkali  metal. 

Thus,  according  to  the  proposed  scheme,  caustic  alkali  is  regenerated  in  the  process  of  initiation  and,  hence. 
Is  a  typical  catalyst  of  the  process.  In  the  actual  process,  however,  as  was  mentioned  above,  the  alkali  is  gradu¬ 
ally  consumed,  being  bound  by  acid  products  of  side-reactions. 

As  was  shown  by  analysis  of  the  salts  precipitated  in  industrial  reaction  columns  on  carrying  out  the  technic¬ 
al  process  of  alkaline  oxidation  of  isopropylbenzene,  they  consist  largely  of  sodium  carbonate.  Since  the  latter, 
being  characterized  by  a  high  pH,  can  also  have  a  favorable  effect  on  the  oxidation  process  [5J,  direct  experi¬ 
ments  were  performed,  thq  results  of  which  arc  presented  graphically  in  Fig.  5,  where  kinetic  curves  for  the  oxida¬ 
tion  of  pure  isopropylbenzene  without  admixture,  with  added  alkali,  and  with  added  soda  arc  also  shown  for  com¬ 
parison.  Consideration  of  these  curves  shows  that  soda,  like  caustic  alkali,  leads  to  considerable  acceleration  of 
the  process  in  time,  l.e,,  by  binding  the  acid  byproducts  of  the  reaction,  it  makes  possible  an  increase  in  the 
oxidation  rate  as  a  result  of  a  rise  in  the  concentration  of  free  radicals,  the  rate  of  formation  of  which  is  pro¬ 
portional  to  the  hydroperoxide  content  in  the  reaction  liquid,  which  increases  with  time.  Contrary  to  caustic  al¬ 
kali,  however,  soda  does  not  give  an  initial  jump  in  the  curve;  hence,  it  may  be  concluded  that  soda  cannot  ini¬ 
tiate  the  radical  decomposition  of  isopropylbenzene  hydroperoxide.  The  reason  for  this  difference  should  be  sought 
in  the  fact  that  soda,  being  a  salt  of  a  stronger  acid  than  the  hydroperoxide,  cannot  form  the  hydroperoxide  sodium 
salt  required  to  activate  the  process. 


Fig.  7.  Effect  of  RbOH,  KOH,  and  NaOH  on  the 
decomposition  of  isopropylbenzene  I  hydroperox¬ 
ide  in  the  process  of  its  oxidation;  1)  NaOH, 
Expt.  72;  2)  KOH,  Expt.  70;  3)  RbOH,  Expt.  6G. 
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TABLE  2 


Effect  of  the  Nature  of  the  Caustic  Alkali 


Alkali  cation 

Na 

K 

Rb 

Ionic  radius  according  to  Pauling, j 
Initial  rise  in  the  hydroperoxide 
content  (after  12  min)  AHP.in 

0.95 

1.33 

1.48 

mole  % 

1.6 

2.0 

2.7 

Ratio  AHP/r 

1.7 

1.5 

1.8 

Since  the  rate  of  decomposition  of  the  complex  mentioned  above  may  depend  substantially  on  the  nature 
of  the  cation  in  the  hydroperoxide  salt,  it  could  be  expected  that  replacement  of  sodium  hydroxide  by  other  hy¬ 
droxides  would  lead  to  different  oxidation  rates.  This  hypothesis  is  confirmed  by  the  experimental  data  given  in 
Figs.  6  and  7.  Thus,  when  equivalent  quantities  of  the  hydroxides  of  different  Group  I  metals  are  introduced,  the 
observed  effect  increases  in  the  order  from  Na  to  Rb;  the  extent  of  their  influence  is  proportional  to  the  ionic 
radius  (see  Table  2). 

Consideration  of  the  curves  in  Fig.  7  also  shows  that  potassium  and  rubidium  cause  a  sharp  increase  in  the 
amount  of  isopropylbenzene  hydroperoxide  decomposition  products;  on  this  basis  one  may  conclude  that  the  tech¬ 
nical  use  of  sodium  hydroxide  is  preferable  in  practice, 

SUMMARY 

1.  Th'.  vole  of  caustic  alkali  in  the  alkaline  oxidation  of  isopropylbenzene  is  not  limited  to  binding  acid 
byproducts  of  the  reaetion,  but  consists  also  in  activation  of  the  radical  decomposition  of  Isopropylbenzene  hy¬ 
droperoxide, 

2.  The  character  of  alkaline  initiation  of  the  oxidation  process  is  the  same  as  in  the  case  of  generation  of 
free  radicals  by  thermal  decomposition  of  bis-isobutyric  acid  azodinitrile. 

3,  The  rate  of  initiation  of  isopropylbenzene  oxidation  substantially  depends  on  the  nature  of  the  caustic 
alkali. 

4,  On  the  basis  of  the  experimental  data  obtained,  a  probable  scheme  for  the  mechanism  of  the  alkaline 
oxidation  of  isopropylbenzene  is  proposed. 
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Dichloro  derivatives  of  2,6-octadiene  are  of  considerable  interest  as  model  systems  for  studying  the  complex 
chemical  processes  occurring  in  polychloroprene.  The  polychloroprcne  molecule  is  mainly  built  up  of  chloro- 
2- butene  units,  connected  in  the  1,4— 1,4  positions.  At  the  same  time,  we  cannot  exclude  the  possibility  of 
some  units  being  connected  in  the  1,4- 4,1  positions.  As  the  nature  of  reactions  occurring  in  high-molecular  and 
low-molecular  compounds  is  the  same  in  principle,  and  the  only  difference  is  the  fact  that  the  reactions  are 
slower  in  polymers  due  to  the  high  viscosity  of  the  latter,  it  is  advantageous  to  study  the  reactivity  of  chloroprene 
rubber  on  systems  simulating  its  structure  and  consisting  of  two  polymer  units  connected  in  the  1,4—  1,4  and 
1,4- 4,1  positions. 

In  the  present  communication,  we  present  a  method  of  synthesizing  two  compounds  simulating  the  main 
types  of  possible  structures  of  chloroprene  rubber. 

CH3— CC1=C11—CII2— Cn.,—CH=CC1— Cll3(  1,4- '1,1)2, 7-dichloro-2,6-octadiene 
(I) 

CM3— CClr=Cll— CII2— CII2— CC1=CH— Gll3(l,4— l,4)2,()-dichloro-2,6-octa(Iiene 
(H) 

Both  compounds  were  synthesized  for  the  first  time,  and  the  first  was  obtained  from  l,3-dichloro-2-butenc 
(in)  or  from  l-iodo-3-chloro- 2-butene  (IV)  by  organomagnesium  synthesis, 

CIl3-CCl=Cll— CII2X  Mg  — >  Cll3CCl=Cll-Cll2-Cll2-Cll=CCI-Cll3  +  MgXa 

X=ci,  1  (1) 

l,3-Dichloro-2-butene  (III)  undergoes  organomagnesium  synthesis  very  slowly,  and  only  with  magnesium 
that  has  been  well  activated  with  iodine  at  a  high  temperature  (150*),  As  the  reactivity  of  the  halide  increases 
with  a  change  from  chlorine  to  iodine,  the  organomagnesium  synthesis  was  carried  out  with  l-iodo-3-chloro-2- 
butene  (IV).  The  latter  has  not  been  described  previously,  and  it  was  synthesized  by  two  methods;  namely,  the 
addition  of  HI  (gas)  to  chloroprene  in  glacial  acetic  acid,  and  the  exchange  of  compound  (in)  with  Nal  or  KI  in 
acetone  (preferably  Nal, as  its  solubility  in  acetone  is  considerably  higher  than  that  of  KI). 

Six  isomers  are  possible  from  the  organomagnesium  synthesis,  depending  on  the  order  of  coupling  of  the 
units.  By  chemical  methods  and  infrared  spectral  data  we  demonstrated  that  the  reaction  products  contained 
only  compound  (I),  as  it  was  established  that  saponifiable  chlorine  was  absent,  there  were  two  chlorine  atoms 
present  on  a  carbon  atom  with  a  double  bond,  and  there  were  no  side  vinyl  groups  or  conjugation  of  the  double 
bonds . 

For  the  synthesis  of  2,6-dichloro-2,6-octadiene  (II)  we  started  from  2,6,8-trichloro-2,6-octadiene,  CH3  — 

“  CCl  =  CH  —  CH2  “  CHj  —  CCl  =  CH  —  CH2CI  (V),  which  was  obtained  by  condensation  of  1 ,3-dichloro- 2- butene 
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with  chloroprene  in  the  presence  of  anhydrous  FCCI3  [1].  Various  reduction  methods,  both  with  atomic  hydrogen 
and  catalytic  methods,  were  tried  for  the  conversion  of  2,6,8-trichloro-2,6-octadiene  into  compound  (II).  Com¬ 
plete  reduction  of  the  saponifiable  chlorine  atom  without  a  change  in  unsaturation  was  aehieved  by  hydrogenation 
in  the  presence  of  Raney  nickel  and  CH3COONa  to  bind  the  hydrogen  chloride.  The  structure  of  the  2,6-dichloro- 

2,6-octadiene  obtained  by  this  method  was  established  by  infrared  spectral  data, 

EXPERIMENTA  L 

l,3-DichIoro-2- butene  (III)  was  isolated  from  the  still  residues  from  the  synthesis  of  chloroprene,  and  puri¬ 
fied  by  repeated  distillation;  it  had  b.p.  127-129*  at  760  mm,  ^  1.1590,  n*®D  1,4698,  which  corresponds  to 
literature  data  [2], 

Found  *70:  Cl  (sapon.)  28,1.  C4H6CI2.  Calculated  “yo;  Cl  (sapon.)  28,4. 

The  NaT  and  KI  were  recrystallized  from  alcohol  and  dried  to  constant  weight.  Anhydrous  acetone  was  used, 

l-Iodo-3-chloro-2-butenc  (IV).  Into  a  three-necked  flask  with  a  reflux  condenser  and  a  stirrer  were  placed 
120  g  of  Nal  and  1  liter  of  acetone.  Over  a  period  of  4  hr,  350  g  of  (III)  was  added  from  a  dropping  funnel  with 
heating  of  the  mixture  to  50*  and  vigorous  stirring  for  3  hr,  and  then  the  acetone  solution  was  carefully  separated 
from  the  precipitate  of  NaCl  or  KCl,  the  acetone  removed  by  distillation  on  a  water  bath,  and  the  residual  product 
washed  tliree  times  successively  with  10%  hyposulfite  solution  and  distilled  water,  dried  over  baked  MgS04,  and 
vacuum  distilled.  The  b.p.  was  70*  at  18  mm.  The  yield  was  50%».  The  substance  was  very  unstable,  decomposed 
continuously  with  the  liberation  of  iodine,  and  its  physicochemical  constants  for  different  samples  were  insuffi¬ 
ciently  reproducible,  especially  for  samples  that  had  been  stored. 

B.p.  70"  at  18  mm,  n^®D  1.5714,  d^®4  1.8200. 

Found  %:  I  (sapon.)  58.0.  M  219.3,  C4H(;C1I.  Calculated  %:  I  (sapon.)  58,6.  M  216,5. 

The  synthesis  of  (IV)  by  the  reaction  of  chloroprene  with  HI  (gas)  was  carried  out  under  the  same  conditions 
as  for  the  reaction  of  chloroprene  with  HBr  [3],  HI  (gas)  was  obtained  from  tetralin  and  crystalline  iodine  [3], 


Fig,  1,  Infrared  spectrum  of  2,7-dichloro- 

2,6-octadiene. 


Fig,  2.  Infrared  spectrum  of  2,6-dichloro- 

2,6-octadiene, 


2,7-r^hloro-^,6-oc^adien^(I).  Into  a  three-necked  flask  with  a  dropping  funnel,  condenser,  stirrer,  and 
thermometer  was  placed  2  g  of  magnesium  turnings,  which  were  then  covered  with  absolute  ether.  A  solution  of 
26  g  of  freshly  distilled  l-iodo-3-chloro-2-butene  (IV)  in  three  times  the  volume  of  absolute  ether  was  added 
gradually  from  the  dropping  funnel.  The  reaction  began  vigorously  after  the  addition  of  a  few  drops  of  the  ether 
solution  and  the  reaction  mixture  was  cooled  in  an  ice  bath.  After  the  reaction  had  finished,  the  mixture  was 
stirred  for  3-4  hr  with  the  ether  boiling  and  then  decomposed  with  10%  NH4CI  solution  acidified  with  HCI  or  10% 
CH3COOH.  The  ether  layer  was  separated,  washed  with  distilled  water,  and  dried  over  baked  MgS04.  The  ether 
was  removed  and  the  product  vacuum  distilled. 

B.p.  78*  at  10  mm,  n*°D  1.4830;  d^°4  1,0566,  There  was  no  saponifiable  chlorine;  unsaturation,  94%, 

Found  %:  Cl  (total)  39*5.  M  177.4.  CgH^Clj.  Calculated  '7-’;  Cl  (total)  39.9.  M  179. 
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2,6-Dichloro-2.6-octadiene.  For  the  synthesis  of  this  compound  we  used  freshly  distilled  2,6,8-trichloro- 
2,6-octadiene,  The  constants  corresponded  to  literature  data  [1],  Into  a  long-necked  hydrogenation  flask  were 
placed  10  g  of  the  starting  material,  4  g  of  CHsCOONa  in  20  ml  of  H20,  20  ml  of  alcohol,  and  4^  g  of  Raney 
nickel.  Hydrogen  was  obtained  by  the  action  of  NaOH  on  aluminum  with  subsequent  purification  of  the  gas 
by  passage  through  KMn04  solution.  The  hydrogenation  was  carried  out  by  vigorous  shaking  of  the  flask  at  room 
temperature.  The  reaction  was  followed  by  the  amount  of  hydrogen  absorbed.  At  the  end  of  the  reduction,  the 
product  was  salted  out  with  Na2C03,  the  alcohol  removed  by  distillation,  and  the  distillation  residue  washed  with 
water,  dried  over  baked  MgS04,  and  vacuum  distilled.  The  yield  was  25*70, 

B.p,  73*  at  10  mm;  n*®D  1.4680;  d*°4  1,0108;  unsaturation  96*70. 

Found  *70;  Cl  (total)  39.4.  M  174.5.  CgHuClj.  Calculated  *7o:  Cl  (total)  39.9.  M  179. 

Infrared  spectra*  were  plotted  to  establish  the  structures  of  compounds  (I)  and  (II).  The  general  form  of 
the  absorption  curves  for  2,7-  and  2,6-dichloro-2,6-octadienes  arc  given  in  Figs.  1  and  2.  For  determination  of 
structural  characteristics,  the  frequencies  of  valence  and  deformation  vibrations  of  hydrogen  atoms,  and  also  the 
double-bond  frequencies,  are  of  the  greatest  interest.  In  the  region  of  C— H  valence  vibrations  (3500-2800  cm"^), 
both  compounds  showed  five  frequencies  (3020,  2978,  2950,  2920,  and  2855  cm"*),  which  indicate  the  presence 
of  CH3,  CHj,  and  CH  groups.  The  absence  of  an  absorption  band  close  to  3100  cm"*  for  2,6-dichloro-2,6-octa- 
diene  (II)  indicates  the  absence  of  a  structure  of  the  type  -CH  =  CH2  or  >C  =  CH2  [4],  In  the  region  of  C  =  C 
frequencies,  the  compounds  investigated  showed  the  frequency  1670  cm"*,  which  is  characteristic  of  the  grouping 
R1R2C  =  CHR3,  Among  the  C-H  deformation  frequencies  (planar),  there  were  we  11- expressed  frequencies  at  1450 
and  1382  cm**,  confirming  the  presence  of  CH2  and  CH3  groups.  The  absence  of  absorption  close  to  1412-1430 
cm"*  indicates  the  absence  of  a  CH2  group.  For  the  groups  of  frequencies  of  planar  vibrations,  there  was  a  strong 
band  close  to  830  cm"*  (826  cm**),  indicating  that  2,7-dichloro-2,6-octadiene  (I)  has  a  structure  of  the  R1R2C  = 

=  CHR3  type.  All  these  data  indicate  the  absence  of  conjugation,  and  confirm  the  structures  of  the  compounds 
obtained. 


SUMMARY 

1.  We  synthesized  2,7-  and  2,6-dichloro-2,6-octadienes,  which  simulate  the  structures  of  chloroprene 
polymers  with  the  units  linked  in  the  1,4— 4,1  and  1,4— 1,4  positions. 

2,  The  structures  of  the  compounds  obtained  were  demonstrated  by  chemical  methods  and  by  Infrared 
spectroscopy. 
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We  previously  synthesized  2-hydrazino  derivatives  of  benzazoles  (2-hydrazinobenzimidazole,  2-hydrazino- 
benzthiazole,  and  2-hydrazinobenzoxazole),  and  studied  the  action  on  blood  pressure  of  these  compounds  as  their 
water-soluble  hydrochlorides  [1].*  *  Of  these  compounds,  only  2-hydrazinobenzimidazole  was  found  to  be  active, 
but,  in  contrast  to  1-hydrazinophthalazine  ("aprcsoline")  [2],  a  known  preparation  which  reduces  blood  pressure, 
2-hydrazinobcnzimidazole  increases  the  blood  pressure  of  animals.  On  this  basis,  and  also  considering  the  special 
interest  in  benzamidazole  derivatives  due  to  the  successful  use  of  2-benzylbenzimidazole  ("dibazol")  in  medical 
practice  [3J,  we  continued  the  investigation  of  2-hydrazinobenzimidazole  derivatives. 

In  contrast  to  2-hydrazinobenzimidazole  (IV),  which  increases  blood  pressure,  and  also  in  contrast  to  in¬ 
active  1- methyl- 2-hydrazinobenzimid3zole  (V),  l-benzyl-2-hydrazinobenzimidazole  hydrochloride  (VI),  which 
was  synthesized  for  testing,  considerably  reduces  the  blood  pressure  of  animals.  Compounds  in  which  there  is  an 
additional  methyl  group  in  the  ring,  5(6)-mcthyl-l-bcnzyl-2-hydrazinobenzimidazole,  show  an  even  stronger 
hypotensive  action.  In  connection  with  the  observed  physiological  action,  it  seemed  interesting  to  study  the  sub¬ 
stances  obtained  in  more  detail. 

Ilydrazlno  derivatives  of  benzimidazole  have  not  been  studied  much  chemically.  There  are  only  patent 
data  [4]  for  2-hydrazinobenzimidazole.  We  started  witli  the  synthesis  of  2-hydrazinobenzimidazole  and  its  N- 
alkyl  derivatives  from  2-chlorobenzimidazole  [5].  Tliis  compound  and  its  N-alkyl  derivatives  were  converted 
into  the  corresponding  hydrazines  by  heating  in  scaled  tubes  with  hydrazine  hydrate.  5-Mcthylbenzimidazoles 
were  obtained  analogously  from  5-metliyl-3-chlorobenzimidazole.  In  the  preparation  of  5(6)- methyl- 1-benzyl 
derivatives,  two  isomers  were  not  observed  and  the  position  of  the  methyl  group  remained  undetermined.  All  the 

1- alkyl-2-hydrazinobenzimidazolc3  were  unstable;  in  the  form  of  free  bases,  they  rapidly  became  blue  and  resini- 
fled  in  air  in  tlie  presence  of  moisture.  Alcohol  solutions  of  them  rapidly  became  dark  violet  and  on  standing  they 
deposited  beautiful  black-violet  crystals  with  a  metallic  green  luster.  The  structure  of  these  compounds  has  not 
been  studied  up  to  now.  Only  unsubstituted  2-hydrazinobcnzimidazole  could  be  stored  for  an  unlimited  period  In 
the  form  of  the  crystalline  base,  but  alcohol  solutions  of  it  slowly  became  colored  on  standing.  The  hydrochlo¬ 
rides  of  all  the  hydrazinobcnzimidazoles  were  stable.  Like  hydrazinophthalazine  [2],  2-hydrazinobenzimidazoles 
form  hydrazones  with  difficulty.  Thus,  we  obtained  the  benzaldehyde  hydrazone  of  2-hydrazinobenzlmidazole 
only  by  carrying  out  the  reaction  in  a  sealed  tube  at  150*. 

In  studying  the  chemical  reactions  and  conversions  of  2-hydrazinobcnzimidazolcsitseemed  interesting  to 
study,  among  other  reactions,  their  reaction  with  nitrous  acid.  In  this  case  one  might  expect  the  formation  of 

2- azido  derivatives  (a)  or  tctrazolobcnzimidazolcs  (b). 


/N=N 


,  r  ^  k  - 

(:_N  =  N=N 

\An/ 

\ 

C^N 


xA./ 
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U 

(b) 


•Presented  at  the  Eighth  Mendeleev  Conference,  Moscow,  March,  1959, 

•  ’The  pharmacological  testing  of  all  the  compounds  obtained  previously,  and  those  described  in  the  present 
article,  was  carried  out  by  I.  F,  Panov  (Pharmacology  Department,  Sverdlovsk  Medical  Institute). 
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By  the  action  of  potassium  nitrite  on  aqueous  solutions  of  the  hydrazine  hydrochlorides  or  of  sodium  nitrite 
on  solutions  of  the  hydrazine  bases  in  acetic  acid,  we  obtained  stable,  crystalline,  though  light-sensitive  substances. 
The  compounds  obtained  from  hydrazines  that  were  not  substituted  at  the  nitrogen  (R  =  H)  crystallized  readily 
from  polar  solvents  and  were  not  soluble  in  hydrocarbons.  They  formed  readily  hydrolyzable  sodium  salts  and 
could  be  alkylated  with  alkyl  halides  in  alkali  solution.  Compounds  alklylatcd  at  the  nitrogen  (R  =  CH3; 

CH2CJH6)  crystallized  from  hydrocarbons  and  had  lower  melting  points. 

The  structures  of  the  compounds  obtained  were  determined  by  the  study  of  the  infrared  spectra.  They  all 
had  clear  absorption  bands  characteristic  of  azides  [6,7]  with  the  first  at  2100-2200  cm”^  (asymmetric  valence 
vibrations)  and  the  second  at  1200-1300  cm"^  (symmetric  valence  vibrations).  For  most  of  them,  the  peaks  were 
double  (see  Table  1). 

A  chemical  demonstration  of  the  azide  structure  of  the  compounds  obtained  was  the  ease  of  their  reduction 
to  amines.  Azides  may  be  reduced  with  various  reducing  agents  [8].  In  the  present  work  we  reduced  azides  with 
Raney  nickel  in  anhydrous  alcohol  at  room  temperature  for  the  first  time,  as  far  as  we  know.*  The  reduction  gave 
an  almost  quantitative  yield  of  the  amine  (Table  2)  and,  in  some  cases,  could  be  used  for  preparing  amines,  start¬ 
ing  from  the  hydrazines,  or  served  as  the  main  method  for  analyzing  azides. 

Thus,  the  action  of  nitrous  acid  on  2-hydrazinobenzimidazoles  formed  azides,  but  not  tetrazoles.  Accord¬ 
ing  to  literature  data  [8,9],  in  a  number  of  cases,  hydrazines  of  six-membered  heterocycles  containing  the  group¬ 
ing  -N  =  C  —  NH—  NH2  are  converted  to  tetrazoles  by  the  action  of  nitrous  acid,  but  hydrazines  of  five- me m- 

I 

bered  heterocycles  (azoles)  containing  the  same  grouping  give  azides.  The  results  of  our  work  again  confirm  this 
observation  and  indicate  that  it  is  a  rule. 

The  synthesis  based  on  2-chlorobenzimidazole  achieved  in  the  present  work  are  sljown  in  the  scheme.  The 
same  conversions  were  achieved  for  5-methyl-2-chlorobcnzimidazole, 
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(VIII)  R  =  Cll,.  (XI)  R  =  CM,. 

(iX)  R  =  ClljC.ll,.  (XII)  R  =  CH,C,IU. 


EXPERIMENTAL 

2-Hydrazinobcnzimidazole  (IV),  A  mixture  of  24  g  of  2-chlorobenzimidazole  (m.p,  210-212*  [5])  and 
100  ml  of  hydrazine  hydrate  was  heated  at  150-155*  for  4  hr  in  sealed  tubes.  After  the  tubes  had  been  opened, 
the  crystalline  2-hydrazinobcnzimldazole  was  collected  by  filtration  and  washed  with  water.  The  yield  was  18,6 
g  (80®7o),  The  m.p.  was  219-220*  (from  alcohol)  (221-222*  [4]),  On  standing,  an  alcohol  solution  gradually  ac¬ 
quired  a  violet  color.  The  hydrochloride  crystallized  from  water  or  alcohol.  It  contained  water  of  crystallization 
and  the  hydrate  melted  at  65-67*.  After  being  dried  at  105*,  the  compound  had  m.p,  185-186*.  By  heating 
2-hydrazinobenzimidazole  with  excess  benzaldehyde  in  a  sealed  tube  at  150*  for  4  hr,  we  obtained  a  quantitative 
yield  of  the  hydrazone  with  m.p.  270-272*  (from  alcohol). 

Found  %  N  23.43.  C14H12N4.  Calculated  ‘7<n  N  23.72. 


•An  authentic  tetrazole,  tetrazolophthalazine,  which  was  obtained  from  1-hydrazinophthalazine  and  sodium 
nitrite  (according  to  [2]),  was  unchanged  under  these  conditions. 
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Azidobenzimidazoles 


IKS-12  instrument.  NaCl  prism. 

“In  a  paste  with  a  perfluorinated  hydrocarbon  or  in  vaseline  oil. 

•  •  Band  not  observed  due  to  low  solubility  of  substance  in  benzene, 


TABLE  2 


2- A  minobenzlmidazoles 


Empirical  1 
formula  | 

Melting 

polng 

Recrystalliza- 

tlon 

solvent 

% 

N 

Substance 

Name 

found 

calc. 

(X) 

1 

2-Aminobenzimi-  j 
dazole  , 

C,H:N3 

i  222^(222(1^1) 

! 

Water 

31.57 

31.56 

(XI) 

1- Methyl- 2-amina-: 
benzimidazole  i 

C.MnNj 

200-201 

Water 

28.48 

28.55 

(XII) 

l-Benzyl-2-amino-l 
benzimidazole  ^ 

C14II13N3 

1 

192-193 

Benzene  or 
alcohol 

19.09 

18.82 

(Xa) 

5- Methyl- 2-aminov- 
benzinndazole 

j 

196-197 

Water 

28.52 

28..55 

(Xlla) 

5(6)-Methvl-l- 
-benzyl-2-amino  - 
benzimidazole 

Ci-,I1,-.N3 

215-216 

Diluted 

alcohol 

17.84 

17.71 

1- Methyl- 2-hydrazinobenzimidazole  (V),  To  a  solution  of  10  g  of  2-chlorobenzlmidazole  in  10  ml  of 
NaOH  was  added  30  ml  of  methyl  iodide  and  20  ml  of  alcohol.  After  being  boiled  for  1  hr,  the  mixture  was  di¬ 
luted  with  water.  The  yield  of  l-methyl-2-chlorobenzimidazole  was  8  g  The  m,p,  v/as  114-115*  (from 

dilute  alcohol).  The  reaction  with  hydrazine  hydrate  was  carried  out  as  above.  The  yield  of  l-methyl-2-hydra- 
zinobenzimidazole  was  75-77%  and  the  m,p,  146-147*,  The  moist  crystals  rapidly  turned  violet  in  air.  Treat¬ 
ment  with  2  N  HCl  yielded  the  hydrochloride  with  m,p,  293-295*  (from  water). 

Found  %:  N  28.21.  C8H10N4  •  HCl,  Calculated  N  28.03. 

l-Bcnzyl-2-hydrazinobcnzimidazolc  (VI).  To  a  solution  of  20  g  of  2-chlorobenzimidazole  in  20  ml  of 
30%  NaOH  were  added  100  ml  of  alcohol  and  40  ml  of  benzyl  chloride.  After  it  had  been  boiled  for  1  hr,  the 
mixture  was  diluted  with  water  to  liberate  an  oily  emulsion,  which  crystallized  on  cooling.  The  yield  of  1- 
benzyl-2-chlorobenzimidazolc  was  28  g  (90%),  The  m.p,  was  108-109*  (from  dilute  alcohol). 

Found  %:  N  11.71.  C14H11N2CI.  Calculated  %:  N  11.54. 

The  reaction  with  hydrazine  hydrate  was  analogous  to  (IV).  Freshly  prepared  l-benzyl-2-hydrazinobenzim- 
idazole  had  m.p,  140-145*. 

Found  N  23,65,  C14H14N4,  Calculated  %;  N  23,51, 

The  substance  rapidly  began  to  turn  violet  and  resinify  in  air.  An  alcohol  solution  gradually  turned  inky 
violet  and  deposited  coarse  needles  (up  to  1  cm  long)  with  a  green  metallic  luster. 

The  hydrochloride  of  the  hydrazine  was  stable  and  had  m,p.  75-80*  (from  water,  hydrate).  After  being 
dried  above  100*,  it  had  m.p,  230-233*. 

Found  %:  N  20.51;  C  61,60;  H  5,22.  C14H14N4  •  HCl.  Calculated  %;  N  20.39;  C  61,26;  H  5.50. 

5-Methyl-2-hydrazinobenzimidazolc  (IVa).  3-Nitro-4-aminotoluene  with  m.p,  114-115*  (115*  [10])  was 
reduced  with  zinc  dust  in  an  alkaline  alcohol  medium  analogously  to  the  reduction  of  o-nitroaniline  [11],  3,4- 
Diaminotoluene  was  isolated  as  the  hydrochloride  by  evaporation  of  the  acidified  filtrate.  3,4-Diaminotoluene 
hydrochloride  was  fused  with  one  equivalent  of  urea  and  after  the  vigorous  reaction,  the  melt  was  dissolved  in  di¬ 
lute  alkali  and  the  solution  acidified  to  precipitate  5-melhyl-2-benzimidazolone  with  m.p,  302-304*  (299-301* 
[12]),  The  latter  was  heated  with  phosphorus  oxychloride  in  sealed  tubes  at  160-165*  for  3  hr.  We  obtained  5- 
methyl- 2-chlorobenzimidazole  with  m.p.  176-180  (from  alcohol)  in  80%  yield. 

Found  %;  N  16.84.  CgHyNzCl.  Calculated  %:  N  16.81. 

Heating  in  sealed  tubes  with  hydrazine  hydrate  [analogous  to  (IV)]  yielded  crystalline  5-methyl-2-hydra- 
zinobenzimidazole  with  m.p,  180-182*  (from  dilute  alcohol). 
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Found  %  N  34.29.  C8H10N4.  Calculated  N  34.55. 

The  hydrochloride  was  hygroscopic  and  crystallized  with  difficuity, 

5(6)-Methyl-l-benzyl-2-hydrazinobenzimidazole  (Via).  5-Methyl-2-chlorobenzimldazole  (5  g)  was  dis¬ 
solved  in  5  ml  of  30'’/o  NaOH  and  boiled  for  1  hr  with  10  ml  of  benzyl  chloride  in  25  ml  of  alcohol.  Dilution 
with  water  precipitated  an  oil,  which  crystallized  on  standing  in  the  cold.  The  yield  of  5(6)- methyl- 1-bc.nzyl- 
2-chlorobcnzimidazole  was  4,5  g  (70%),  The  m.p,  was  120-121*  (from  alcohol). 

Found  %  N  10.69.  CisHuNzCl.  Calculated  %:  N  10.91. 

The  chloride  obtained  was  heated  in  a  scaled  tube  with  hydrazine  hydrate  [analogous  to  (IV)].  5(6)-Mcthyl- 
l-benzyl-2-hydrazinobenzimidazole  was  obtained  as  a  thick,  coiorless,  honeylike  resin,  which  was  insoluble  in 
water  and  rapidly  became  blue  in  air.  The  hydrochloride  was  stable  and  had  m.p,  215-218*  (from  water). 

Found  %:  N  19.38.  Cj5H,gN4  •  HCl.  Calculated  ^  N  19.41. 

2-Azidobenzimidazolc  (VII).  2-Hydrazinobenzimidazole  (3.0  g)  was  dissolved  in  glacial  acetic  acid  (20 
ml)  at  room  temperature  and  water  (40  ml)  added.  A  solution  of  1,7  g  of  NaNOj  in  10  ml  of  water  was  added  to 
the  solution  at  3-5*.  An  almost  colorless  crystalline  precipitate  of  the  azide  formed  rapidiy  on  stirring.  The 
yield  was  3  g  (94%),  The  product  formed  coarse  platelets  from  dilute  alcohol.  2-Azidobcnzimidazole  was  readily 
soluble  in  alcohol  and  2  N  NaOH  (it  gave  a  readily  hydrolyzable  crystalline  sodium  salt).  It  was  difficultly  soluble 
in  benzene,  ether,  and  chloroform.  On  standing  in  light,  the  compound  became  brown  on  the  side  facing  the  light, 

5-Methyl-2-azidobcnzimidazole  (Vila)  and  5(6)-methyl-l-benzyl-2-azidobenzimidazole  (IXa)  were  ob¬ 
tained  analogously  (see  Table  l), 

l-Methyl-2-azidobcnzimidazole  (VIII).  A  solution  of  2  g  of  1- methyl- 2- hydrazinobenzimidazole  in  20  ml 
of  water  was  cooled  to  3-5*  and  a  solution  of  2  g  of  KNO2  in  10  ml  of  water  added.  There  was  slight  heat  evolu¬ 
tion  and  a  yellowish  crystalline  precipitate  of  the  azide  formed  immediately.  The  yield  was  2,5  g  (98%).  The 
m.p.  was  87-88*  (from  dilute  alcohol;  soft,  fibrous  needles).  The  methylated  compound  (VII)  could  also  be  ob¬ 
tained:  0,8  g  of  2-azidobcnzimidazolc  was  boiled  with  a  solution  of  10  ml  of  alcohol,  3  ml  of  CH3I,  and  4  ml 
of  2  N  NaOH  for  1  hr  (or  in  alkaline  solution  with  5  ml  of  dimethyl  sulfate).  Dilution  with  water  and  cooling 
gave  a  quantiaiive  yield  of  1- methyl- 2- azidobenzimidazole.  The  m.p,  was  85-88*  (undepressed  by  the  sample 
described  above),  Tne  substance  melted  to  a  colorless  liquid  and  decomposed  vigorously  when  heated  above  120*. 
It  was  readily  soluble  in  organic  solvents  and  became  brown  in  light, 

1- Benzyl-2-azidobenzimidazole  (IX)  was  obtained  analogously  (see  Table  1), 

2- Aminobcnziniidazoles  (Table  2).  2- Azidobenzimidazoles  (2-3  g)  were  dLssolved  in  anhydrous  alcohol 
(30-50  ml)  at  room  temperature  and  15-20  g  of  Raney  nickel  paste  (stored  under  anhydrous  alcohol)  added,  A 
reaction  occurred  with  liberation  of  gas  bubbles  and  slight  evolution  of  heat  (up  to  40“),  When  visible  reaction 
had  ceased,  the  mixture  was  left  for  1-2  hr.  The  nickel  was  removed  by  filtration  and  washed  with  anhydrous 
alcohol.  Removal  of  the  alcohol  gave  an  almost  quantiative  yield  (90-95%)  of  the  corresponding  2-aminobcnzim- 
idazoles, 

L.  F.  Trefilova  helped  with  the  investigation  of  the  infrared  spectra,  and  the  authors  would  like  to  thank  her. 

SUMMARY 

1,  We  synthesized  2-hydrazino  derivatives  of  benzimidazole  containing  substituents  at  the  nitrogen  of  the 
heterocycle  (methyl  and  benzyl)  and  in  the  benzene  ring  (5-methyl).  Some  of  these  (N-benzyl  derivatives) 
showed  a  hypotensive  action. 

2,  Tlic  action  of  nitrous  acid  on  2-hydrazinobenzimidazole  and  its  derivatives  substituted  in  the  benzimi¬ 
dazole  ring  gave  azides  .and  tetrazolcs  were  not  formed, 

3,  The  azides  were  reduced  by  Raney  nickel  at  room  temperature  to  give  amines. 


1460 


LITERATURE  CITED 


[1]  !•  V,  Panov  and  N.  P.  Bednyagina.farmakol.  1  Toksikol.  6,  25  (1957), 

[2]  J,  Druey  and  B,  Ringer,  Helv,  Chim,  Acta  W  ,  195  (1951), 

[3]  N,  N,  Anosov  and  M.  A.  Rosin.  Proserine,  Eserine,  and  Dibazol  and  Their  Uses  In  Neuropathology  [in  Russian] 

(Medgiz,  1956)  p.  17,  ' 

[4]  German  Pat.  614327;  Chem,  Abs,,  5861  (1935), 

[5]  L,  S,  ffros,  B.  A,  Porai-Koshits,  and  S,  G,  Farbenshtein,  Zhur,  Obshch,  Khim,  1691  (1953),* 

[6]  Yu,  N,  Sheinker  and  Ya,  K.  Syrkln,  Izvest  Akad,  Nauk  SSSR,  Ser.  Fiz,  H,  478  (1950), 

[7]  E,  Lieber,  Anal,  Chem,  M,  916  (1957), 

[8]  J,  H.  Boyer  and  F,  C.  Canter,  Chem,  Revs,  W  ,  22  (1954). 

(9J  J,  Jonson,  J,  Thomas,  and  H.  Schaeffer,  J.  Am.  Chem.  Soc.^,  699  (1958), 

[10]  L,  Gatterman,  Ber,  1483  (1885), 

[11]  Organic  Syntheses  [Russian  translation]  (1949)  Coll,  2,  p.  509. 

[12]  T.  Sandmeyer,  Bcr.^,  2652  (1886). 

[13]  Beilst.  24,  116. 


UNSYMMETRIC  AL  DERIVATIVES  OF 

1,6- DI A  RYLHYDRAZODITHIODIC  ARB  AMIDES.  I. 
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Compounds  with  interesting  physiological  properties  have  recently  been  found  among  substituted  thlocarb- 
anilides,  phenylthiosemicarbazides,  and  1,4-diphenyltluosemicarbazides  [1,2],  It  seemed  Interesting  to  synthesize 
and  study  various  unsymmetrical  1,6-diphcnyIhydrazoditlilodicarbamides  with  the  general  formula 
RNHCSNHNHCSNIIR’,  which  are  similar  to  them  in  properties.  This  series  of  compounds  has  been  investigated 
very  little  [3].  Apparently,  they  should  be  oxidizable  at  the  hydrazo  bond,  react  in  the  thiol  form,  and  form 
complexes  with  various  cations.  These  compounds  are  also  interesting  in  that  they  cyclize  comparatively  readily 
into  derivatives  of  thiourazoles. 

The  derivatives  of  1,6-diarylhydrazodithiocarbamide  were  obtained  by  the  reaction  of  substituted  4-phenyl- 
thiosemicarbazides  with  the  appropriate  substituted  phenyl  isothiocyanates  in  hot  anhydrous  alcohol  according  to 
the  scheme: 

nNHCSNMNH2  + SCNR'  — RN IICN 11 N  MCN  M  ll». 

I  S 

The  synthesis  of  some  substituted  4- phenylthiosemicarbazides  from  the  corresponding  mustard  oils  and  hy¬ 
drazine  hydrate  in  an  alcohol  medium  has  been  described  in  the  literature  [4];  however,  by  this  method  the  com¬ 
pounds  were  obtained  in  low  yields  and  they  were  difficult  to  isolate  in  a  pure  form.  The  derivatives  of  4-phenyl- 
thiosemicarbazide  given  in  Table  1  were  obtained  from  the  corresponding  substituted  phenyl  isothiocyanates  and 
hydrazine  hydrate  in  aqueous  alcohol  [5], 

In  their  turn,  the  substituted  phenyl  isothiocyanates  were  synthesized  from  the  corresponding  amines  and 
thiophosgene  in  chloroform  and  water  [6],  The  procedure  for  preparing  the  substituted  phenyl  isothiocyanates 
that  have  not  been  described  in  the  literature  is  given  in  the  experimental  section, 

*  Original  Russian  pagiiation.  See  C.B.  translation. 
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TABLE  1 

4-Arylthioseniicarbazldes  with  the  General  Formula 


^NHCSNHHH, 


n 

Melting 

point 

Yield 
(in  %) 

Empirical 

formula 

"/,  N 

found  j 

calc. 

o-n— 031170 

88® 

71 

18.44, 18..57 

18.67 

p-n -  (-ill:!) 

170 

68 

0,oll,r.ON;.S 

18.81,  18.62 

18.67 

o-iso-(:4lloO 

75 

80 

0,iII,7<>N3v^ 

17.26, 17.37 

17..57 

o-n  -CrlljiO 

81 

85 

0„ll,;ON;,S 

17.61, 17..50 

17.57 

o-iso 

108 

88 

0,„||,o<»N.,S 

16.51,  16.39 

16.6.) 

p-iso  -CsHiiO 

159 

90 

C,..II,„()N3S 

16.30 

16  60 

P  OiM-, 

159 

87 

Ofll  1 13''“  3S 

21.18,21.34 

21.54 

P  '(0113)30 

139 

72 

18.61, 18.6J 

18.83 

p  -OII3O0 

149 

73 

0„II,iON3S 

19.72 

20.09 

P  •f;.,iir.ooo 

150 

80 

Oil)! •  13 

17.37, 17.27 

17.57 

p  -oil 300 Nil 

185 

98 

2.5.25 

25.0 

o-Br 

158 

1.6 

(:7llt,N’-,.SIJr 

16.89, 16  70 

17.07 

m-Br 

103 

80 

OjlleNsS^'* 

17.45,  17.35 

17.07 

p-Br 

180 

75 

07llKN.,Sl}r 

16.97, 17.02 

17.07 

o-I 

154 

92 

07I18NmSI 

14.31,  14.44 

14. .33 

m-I 

136 

65 

C7llsN;lSl 

13.1.6,  14.01 

14..33 

p-I 

182 

71 

C7ll,N3SI 

1,3.91 

14..33 

P-II2NSO0 

178 

82 

(yflil  I0O2N4S2 

22.(i6.  22.86 

22.76 

Fig,  1.  Absorption  curves  of  4- 
phcnylihiosemicarbazide  deriva¬ 
tives  in  alcohol  (solution  concen¬ 
tration  6,6  •  10”®  M);  1)  4-phenyl- 
thiosemicarbazide;  2)  4-(o-n- 
propoxy  phenyl )-  thiose  mic  arbazide ; 
3)  4-(p-n-propoxyphenyl)-thio- 
semicarbazide;  4)  4-(o-bromo- 
phenyD-thiosemicarbazide;  5)  4- 
(m-bromophenyl)-ihiosemicarb- 
azide;  6)  4-(p-bromophenyl)- 
thiose  mic  arbazide . 


Figures  1  and  2  show  the  ultraviolet  absorption  spectra  of  six 
derivatives  of  4-phenylthiosemicarbazide  and  eight  derivatives  of 
1,6-diphenylhydrazodithiodicarbamide,  The  measurements  were  made 
with  an  SF-4  spectrophotometer  on  alcohol  solutions.  The  absorption 
curves  of  the  preparations  in  an  aqueous  alkali  solution  had  only  one 
maximum  at  207-210  mp  (Fig,  3), 

EXPERIMENTAL 

p-Ethylphcnyl  isothiocyanate,  A  solution  of  15  g  of  p-ethyl- 
aniline  in  75  ml  of  chloroform  was  added  with  continuous  stirring  at 
a  temperature  no  higher  than  15*  to  a  solution  of  18,6  g  of  thiophos- 
gene  (12,4  ml)  in  125  ml  of  water.  Stirring  was  continued  for  a  fur¬ 
ther  hour;  then  the  chloroform  solution  was  separated  and  dried  with 
calcium  chloride.  The  chloroform  was  removed  and  the  p-ethylphenyl 
isothiocyanate  distilled.  The  b,p,  was  113*  at  4-5  mm.  The  yield 
was  17  g  (85%), 

p-tert-Butylphenyl  isothiocyanate.  The  reaction  was  carried 
out  with  15  g  of  p-tert-butylaniline.  We  obtained  16  g  (83%)  of  prod¬ 
uct  with  b,p,  126*  at  4-5  mm, 

4-(p-Ethylphcnyl)-thiosemicarbazide,  To  an  ice-cooled  solu¬ 
tion  of  3,3  g  of  p-ethylphenyl  isothiocyanate  in  8  ml  of  alcohol  was 
added  1,6  ml  of  50%  hydrazine  hydrate  in  5  ml  of  water,  and  the  pre¬ 
cipitate  collected  and  recrystallized  from  alcohol.  The  4-(p-ethyl- 
phenyD-thiosemicarbazide  formed  white  needles  on  recrystallization. 
The  yield  was  3,4  g, 

4-(p-Acetophenyl)-thiosemicarbazide,  The  reaction  was  carried 
out  with  1,6  ml  of  50%  hydrazine  hydrate  and  3,5  g  of  p-acetophenyl 
isothiocyanate.  On  recrystallization  from  alcohol,  the  product  formed 
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TABLE  2 


Unsytnmetrical  Derivatives  of  1 .6-Diphenylhydrazodithiodicarbamide  with  the  General 
Formula  RNHCSNHNHCSNHR*;  R  =  CgHg  (Nos.  1-23),  p-C2H50C6H4  (Nos.  24-39) 


• 

:z 

ij 

R' 

00 

5  w 

g 

Empirical 

•/.N 

■0 

E 

V 

Formula 

found 

calc. 

i/) 

^  0 

2  cx 

1 

P-CI130C«II4 

181® 

98 

CijUioON^S, 

16.69,16.93 

16.87 

2 

o-CiMsOCnlU 

132 

73 

CioIIi«ON4S2 

15.80.  15.81 

16.18 

3 

P-C2II5OCCII4 

188 

65 

C.olh.ON^Si 

15.82,  15.79 

16.18 

4 

p-iso -0,117000114 

180 

88 

C,7ll.,„ON4,S2 

15.57.15.77 

1.5..56 

5 

o-n-Co  1 1 700,,  i  1 4 

141 

63 

Ci7ll.2oON4S2 

15.22. 15.39 

15..56 

0 

p-n-C;,Il70CoH4 

183 

55 

C17II20ON4S2 

15.72, 15.92 

1.5.56 

7 

O-iSO  C4Hi,OOoH4 

133 

89 

C,rI1..,ON48., 

14.63. 14.60 

14.97 

8 

o-n-04llr,6c„H4 

130 

52 

C„.Ho.,ON4S. 

15.13, 1.5.23 

14.97 

9 

p-n-C4HnOColl4 

178 

89 

C,^il.220N4.S2 

14.62,  14.76 

14.97 

10 

o-iso.C-U,,r)(’„|[4 

142 

50 

C,oH.740N4S.> 

14.05,  14.71 

14.43 

It 

p-iso  C-.II11OC0H4 

178 

97 

Cnll.,,ON4S., 

14.33, 14.29 

14.43 

12 

P-G.II...C0H4 

182 

16 

Cioll  18^ 

17.16,17.21 

16.97 

13 

p-(Cn3).CCoH4’ 

187 

92 

C,f,H22N4S2 

15.89,1.5.98 

15.64 

14 

pcii,(:oCoH4 

217 

93 

CirtlliflGN4.82 

1.5.90,1.5.95 

16.28 

15 

o-nrColl4 

157 

97 

C,4tlnN4Sonr 

14..34.  14.44 

14.70 

16 

^-niOoii4 

144 

1-6 

Ci4lli:iN48.2llr 

14.7.3,14.77 

14.70 

17 

p-MrCJl4 

154 

94 

C,4H,3N4.S,r3r 

15.02, 15.03 

14.70 

18 

0-IC0H4 

144 

95 

C,4H,3N4.S2l 

12.91,13.10 

13.08 

19 

^i-ICollr 

134 

95 

C,4llnN4S2l 

12.91,12.82 

13.08 

20 

p-lCnn4 

158 

93 

C,4ll,3N482l 

1.3.42, 1.3.40 

1.1.08 

21 

P-II2NSO2C0H4 

Cfl - s 

2U6 

99 

C44lll302N'5S3 

18.50,18.55 

18..37 

22 

1 

II  1 

CII  C— nNS02CoH4 

\n^ 

N-N 

II  II 

CjiLH-:  c--nNS02CoH4 

180 

97 

C17U16O2N0S4 

17.77,17.82 

18.1 

23 

169 

60 

^18111002^754 

19.58, 19.55 

19.88 

24 

0-Cn3CoH4 

169 

46 

C17H20GN4S.2 

15.3.5, 15.28 

15.56 

25 

p(:ilaC,:il4 

186 

46 

C,7ll2onN45., 

15.:-6,  1.5.25 

1.5..^, 6 

26 

:^.4(cii..)/:fin3 

180 

56 

C,oll  .0ON4S., 

14.71,  14.60 

14.97 

27 

0“  n-Col  1  1 1 4 

188 

32  1 

Oigll240.>N482 

14.10,  13.93 

13.86 

28 

p-n-C:iH7()C,;M4 

188 

96 

C,nl  1  oiO.jN  jS,* 

13.79,  1.3.91 

13.86 

29 

p-iso  O,H;00,;Il4 

194 

47 

Cinn240.,N4.S 

13.51,  1.9.64 

13.86 

30 

o-iso  C4llnn(;,.|i4 

128 

95 

C2ollan02‘'^4^2 

13.38, 1.3.44 

1.3.39 

31 

o-n  C4ll,,()OoH4 

135 

97 

C..„1Io,,0.,N4S2 

13.27,  13.25 

13.39 

32 

p-n-(:4ll,,00„ll4 

189 

98 

i"2olh-!l5G2N4S2 

13.61, 13.74 

1.3.39 

33 

O-iso-0:,ll|,OCr,ll4 

189 

6.1 

1 1  N  i  So 

12.99,  13.05 

12.‘0 

34 

p-  iso  -C-,  1 1 , 1  OC^o  1 1 4 

192 

73 

C.24ll.>O..N,S.. 

12.84,  13.01 

12.96 

35 

0-C.II:.OCcll4 

151 

82 

Cig  1 1  ^«>0>N 

14.06,  13.99 

14.3r> 

36 

^t-CIColl4 

178 

78 

C|o  1 1 17O  N  4S2OI 

14.77,  14.62 

14.72 

37 

p-HoNSOaCoIU 

CM - S 

188 

99 

Cio  II  201^.1  ^.<,53 

16.75,  16.71 

16.47 

38 

II  1 

CM  O-IINSO2C0M4 

N-N 

II  II 

C2II5-G  O-IINSO.C0II4 

188 

90 

C10II20O3N0S4 

16.89,16.77 

16.54 

39 

174 

80 

C2oll230.lN7S4 

18.50. 18.42 

18.2& 
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Fig.  2.  Absorption  curves  of  1 ,6-diphenylhy- 
drazodithiodicarbamide  derivatives  In  alco¬ 
hol  (solution  concentrations:  curves  1, 3,  4  — 
3,3  •  10"®  M;  curve  2—  2,2  •  10“®  M;  curves 
5  and  6-  1.32  •  10"®  M>.  1)  1.6-diphenyl- 
liydrazodithiodicarbamide;  2)  l-phenyl-6- 
(o-phcnctyl)-hydrazodithiodicarbamide;  3) 

1  -  plicny  1  -  6-  (p-  phcncty  1  )-hydrazodithiodi- 
carb3lTlidc;  4)  l-phenyl-fi-Co-n-propoxy- 
phcnyO-hydrazodiihiodicarbatnide;  5)  1- 
phcnyl-6-(p-n-propoxyphenyl)-hydrazodl- 
thiodicarbamide;  6)  l-phcnyl-6-(o-bromo- 
phcnyD-hydrazoditliiodicarbamidc;  7)  1- 
phcnyl-6-(m-bromophenyl)-hydr3zodithio- 
dicarbamide;  8)  l-phenyl-6-(p-bromophenyl)- 
hydrazodithiodicarbamide. 


Fig.  3,  Absorption  curves  of  1,6-dlphenyl- 
hydrazodithiodicarbamide  derivatives  In 
l7o  aqueous  alkali:  1)  1.6-diphenylhydra- 
zodithiodicarbamide;  2)  1-phenyl- 6-(o- 
phenetyD-hydrazodithiodicarbamide;  3) 
1-phenyl- 6-(p-phenetyl)-hydrazodlthlo- 
dicarbamide. 

yellow  platelets.  The  yield  was  2,99  g.  All  the 
other  derivatives  of  4-phenylthiosemicarbazlde 
given  in  Table  1  were  obtained  under  conditions 
analogous  to  those  for  4-(p-ethylphenyl)-thiosemi- 
carbazide. 


1“  Phenyl-  6-  (p-phenctyl )- hydra  zodithiodi- 
carbamide,  A  sample  (1,8  g)  of  4-phenylthiosenii- 
carbazide  was  boiled  for  1  hr  under  reflux  in  anhydrous  alcohol  with  2  g  of  p-phenctyl  isothiocyanate.  The  yield 
of  product  was  3  g.  The  m.p,  was  188"  (from  alcohol).  The  product  was  also  obtained  from  4-(p-phenetyl)- 
thlosemicarbazide  and  phenyl  isothiocyanate.  It  also  had  m.p,  188*  and  did  not  depress  the  melting  point  of 
the  product  from  4-phenylthiosemicarbazide  and  p-phenetyl  isothiocyanate. 


l-Phcnyl-6-(p-acetophenyl)-hydrazodithiodicarbamide.  The  reaction  was  carried  out  with  2  g  of  4-phen- 
etylthiosemicarbazide  and  2,1  g  of  p-acctophenyl  isotliiocyanate.  On  recrystallization  from  alcohol,  the  product 
formed  yellow  platelets.  The  yield  was  4,1  g, 

l-Phcnyl-6-(p-sulfamidophenyl)-hydrazodithiodlcarbamide  was  obtained  from  2  g  of  4-phenylthloseml- 
carbazide  and  2,6  g  of  p-sulfamidophenyl  isothiocyanate.  The  yield  was  quantitative. 


l-(p-Phenetyl)-6-(p-sulfa midophenyD-hydrazodithiodicarbamide.  The  reaction  was  carried  out  with  2  g 
of  4-(p-phenetyl)-thiosemicarbazide  and  2,0  g  of  p-sulfamidophenyl  isothiocyanate.  The  yield  was  3,6  g. 


All  the  1,6-diphenylhydrazodithiodicarbamide  derivatives  given  in  Table  2  were  obtained  under  conditions 
analogous  to  those  described  above. 


SUMMARY 


The  synthesis  of  18  substituted  4-phenylthiosemicarbazides  and  39  unsymmetrical  1,6-diphenylhydrazodi- 
thiodicarbamide  derivatives  .which  have  not  been  described  in  the  literature,  is  described.  The  absorption  spectra 
of  the  compounds  synthesized  were  measured. 
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A  study  of  the  reactions  of  vinylacetylenes  with  bromine  and  iodine  chloride  showed  that,  in  both  cases, 
the  order  of  addition  depended  on  the  structure  of  the  hydrocarbon  [1-3],  Vinylacetylene  and  propenylacetylene 
gave  predominantly  allene  dihalides  (1,4  addition),  while  vinylalkylacetylenes,  isopropenylacetylene ,  and  un¬ 
conjugated  vinylacetylenes  gave  predominantly  acetylene  dihalides  (3,4  addition).  In  contrast  to  bromine  and 
iodine  chloride,  iodine  added  almost  exclusively  at  the  triple  bond,  regardless  of  the  hydrocarbon  structure  [4], 


Infrared  transmission  spectra,  1)  Vinylacetylene  dichlorides; 
2)  vinylethylacetylenc  dichlorides;  3)  vinylacetylene  bromo- 
iodides;  4)  vinylethylacetylenc  bromodiodides.  Layer  32ii, 


•  Enyne  compounds,  XL, 
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To  complete  the  study  of  the  order  of  addition  of  halogens  to  vinylacetylenes,  it  was  necessary  to  establish 
the  order  of  addition  of  chlorine  and  bromine  iodide.  Chlorine  is  interesting  as  an  addend  in  that  its  adducts  are 
usually  incapable  of  rearranging  under  the  reaction  conditions  (are  further  from  the  equilibrium  state).  With  re¬ 
spect  to  activity,  bromine  iodide  lies  between  bromine  and  iodine,  and  differs  from  them  in  showing  polarity 
(dipole  moment  0,4  D)  [5], 

We  studied  the  chlorination  of  and  the  action  of  bromine  iodide  on  two  hydrocarbons  which  differ  sharply 
in  the  order  of  addition  of  bromine  and  chlorine  iodide,  namely,  vinylacetylene  and  vinylethylacetylene.  The 
structure  of  the  dihalidcs  obtained  was  established  by  an  investigation  of  their  infrared  spectra. 

As  was  shown  previously  [6],  the  reaction  of  vinylacetylene  with  chlorine,  even  with  high  dilution,  at  low 
temperatures  (down  to  —60*),  and  with  a  large  excess  of  hydrocarbon,  resulted  in  the  predominant  formation  of 
tetrachlorides  and  other  high-boiling  products.  Dichlorides  could  be  isolated  only  in  very  small  amounts. 

A  study  of  the  infrared  spectra  of  the  dichlorides  showed  that  they  were  a  mixture  of  allene  and  acetylene 
adducts  with  a  small  amount  of  the  1,3-diene  dichloride.  The  spectrum  of  the  mixture  of  dichlorides  investi¬ 
gated  had  intense  bands  characteristic  of  an  allene  grouping  (1962  cm“^),  and  a  triple  bond  (2130  and  3300  cm"^), 
and  a  very  weak  band  corresponding  to  valence  vibrations  of  a  conjugated  1,3-diene  grouping  (1607  cm'*).  The 
bands  in  the  region  of  900-1000  cm’*,  which  could  be  assigned  to  deformation  vibrations  of  a  vinyl  group,  had  a 
medium  Intensity  (see  figure,  curve  1), 

Thus,  it  was  established  that  in  the  reaction  with  vinylacetylene,  chlorine  behaves  analogously  to  bromine, 
with  the  only  difference  that  chlorine  forms  a  larger  amount  of  the  acetylene  (3 ,4- addition)  and  a  smaller  amount 
of  the  1,3-diene  (1,2  addition)  dichlorides.  This  characteristic  is  evidently  connected  with  the  lower  tendency 
for  isomerization  at  the  moment  of  reaction  of  acetylene  and  allene  dichlorides  into  1,3-diene  dichlorides  as 
compared  with  the  analogous  dibromides. 

However,  it  should  be  noted  that  these  data  on  the  order  of  addition  of  chlorine  to  vinylacetylene  may  be 
distorted  due  to  differences  in  the  rates  of  subsequent  chlorination  of  the  three  possible  dichlorides  (which  are 
actually  formed). 

A  large  amount  of  high-boiling  products  was  also  formed  during  the  chlorination  of  vinylethylacetylene. 
Judging  by  the  infrared  spectrum,  the  dichloride  was  the  acetylene  compound  with  a  very  small  amount  of  the 
1,3-dienc.  The  spectrum  contained  intense  bands  of  the  valence  vibrations  of  a  triple  bond  (2247  and  2256  cm"*) 
and  a  very  weak  band  of  the  valence  vibrations  of  a  double  bond  (1610  cm"*)  (see  figure,  curve  2), 

Consequently,  chlorine  is  analogous  to  bromine  as  regards  the  order  of  addition  to  vinylethylacetylene. 

In  contrast  to  chlorine,  bromine  iodide  added  to  both  hydrocarbons  predominantly  at  the  triple  bond.  A 
small  amount  of  the  acetylene  dihalide  was  formed  (addition  at  the  double  bond).  The  amount  of  allene  adduct 
was  insignificant. 

The  infrared  spectra  of  the  adducts  showed  clearly  expressed  bands  characteristics  of  a  1,3-diene  grouping 
substituted  with  halogen  (1615,  1540,  966,  and  922  cm**  in  the  case  of  vinylacetylene,  and  1612,  1570,  966,  and 
915  cm"*  in  the  case  of  vinylethylacetylene).  Bands  characteristic  of  an  acetylene  grouping  (2124  cm"*  for 
vinylacetylene  and  2246  cm"*  for  vinylethylacetylene)  were  relatively  weakly  expressed.  The  frequency  of  the 
valence  vibration  of  an  allene  system  (1960  cm"*)  was  not  detected  reliably  (see  figure,  curves  3  and  4). 

Thus,  it  was  established  that  bromine  iodide  behaves  similarly  to  iodine  in  addition  reactions. 

The  difference  in  the  order  of  addition  of  bromine  and  iodine  to  vinylacetylenes  we  previously  explained 
by  a  difference  in  the  addition  mechanism,  assuming  that  iodine  reacts  by  a  radical  chain  mechanism,  while 
bromine  adds  according  to  an  ionic  scheme.  It  is  possible  that  bromine  iodide  also  adds  by  a  radical  mechanism, 
while  chlorine  adds  by  an  ionic  mechanism.  In  any  case,  the  polarity  of  bromine  iodide  does  not  have  an  effect 
on  the  order  of  addition. 

In  all  cases,  we  isolated  the  dihalides  by  vacuum  distillation  of  the  reaction  products.  To  exclude  possible 
errors  due  to  isomerization  of  the  reaction  products  during  distillation,  we  also  investigated  the  infrared  spectra 
of  the  starting  reaction  mixtures.  The  various  higher  halides  they  contained  made  these  spectra  very  complex, 
but  they  always  contained  frequencies  belonging  to  those  dihalides  which  we  then  isolated  from  these  mixtures. 
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EXPERIMENTAL 


Chlorination  of  vlnylacetylene.  To  a  solution  of  52  g  of  vinylacetylene  (threefold  excess)  in  50  ml  of 
CCI4  at  -60’  was  added  a  solution  of  23  g  of  chlorine  in  150  ml  of  CCI4  dropwise  with  vigorous  stirring.  Slight 
evolution  of  HCl  was  observed. 

Distillation  of  the  reaction  mixture  on  a  Widmer  fractionating  column  at  50  mm  yielded  3.6  g  of  a  frac¬ 
tion  of  dlchlorldes.  It  had  b.p.  65-67*  (50  mm),  d“4  1,2289,  n*°D  1,5070,  The  residue  weighed  23  g. 

Found  %;  C  39.50,  3b,38;  H  3.28 ,  3.40;  Cl  57.12,  57.66.  C4H^l2.  Calculated  %  C  39.06;  H  3,27; 

Cl  57.66  . 

Infrared  spectrum:  750  v.s,,  790  av,  850  v.s,,  896  s,  919  av,  962  av,  973  av,  986  av,  1016  w  ,  1047  w  , 

1070  w  ,  1130  av,  1160  av  .  1204  w  .  1243  v.s.  1262  s.  1318  s,  1377  s,  1403  v.w.  1428  w,  1442  av  ,  1607  w, 

1962  s,  2130  av.  2860  w,  2969  av,  3005  w,  3060  s,  3280  v.s .  .  cm"^ 

Chlorination  of  vinylethylacetylene.  Under  the  conditions  given  above,  40  g  of  vlnylethylacetylene  (two¬ 
fold  excess)  and  18  g  of  chlorine  in  CCI4  (10^70  solution)  yielded  about  4  g  of  dichlorides  with  b,p,  77-78*  (20  mm), 
d*®4  1.1317,  n^°D  1,4880  and  13,1  g  of  residue. 

Found  <70;  C  47.24,  47.74;  H  5.21,  5.17;  Cl  47.75.  46.90.  CgHgClj.  Calculated  %  C  47.71;  H  5.34; 

Cl  46.96. 

Infrared  spectrum:  718  v.s.,  732  s,  772  w,  785  w,  794  w,  920  s,  959  av,  972  av,  998  v.w,,  1032  w,  1062  w, 
1081  v.w,,  1103  v.w, ,1143  w,  1168  av,  1201  av,  1218  v.w.,  1242  s,  1276  av,  1313  s,  1325  av,  1336  av,  1354  v.w., 
1379  w,  1430  av,  1440  av,  1451  av,  1462  av,  1610  w,  2247  s,  2256  s,  2865  w,  2883  av,  2917  av,  2943  s,  2986 

V.S.,  cm"*. 

Addition  of  bromine  iodide  to  vinylacetylene.  Bromine  iodide  was  obtained  by  the  usual  method  [7],  From 
37  g  (sevenfold  excess)  of  vinylacetylene  and  20.7  g  of  bromine  iodide  in  120  ml  of  ethyl  chloride  at  —60*  we  ob¬ 
tained  21  g  of  bromoiodides.  Distillation  of  them  yielded  a  fraction  (6,2  g)  with  b.p,  52-60*  (3  mm),  d*®^  2.2478 
and  n*®D  1.6470,  The  residue  weighed  12  g. 

Found  Vo:  Br  +  I  80,75,  80,98;  C4H4BrI.  Calculated  Vo;  Br  +  I  79.89, 

Infrared  spectrum:  690  v.s,,  772  v.s,,  836  w,  864  w,  922  v.s,,  966  v.s,,  1080  av,  1109  v,  s,,  1172  s,  1195 av, 
1208  av,  1292  v.w,,  1407  s,  1429  w,  1540  av,  1566  v.w,,  1615  av  ,  1850  w,  1946  v.w.,  2124  v.w,,  2966  v.w., 

3017  v.w.,  3038  v.w,,  3065  av  ,  3087  w,  3296  av,  cm"*. 

Addition  of  bromine  iodide  to  vinylethylacetylene.  From  16  g  of  vinylethylacetylene  (twofold  excess)  in 
60  ml  of  ethyl  chloride  and  20,7  g  of  bromine  iodide  in  60  ml  of  ethyl  chloride  we  obtained  6,6  g  of  a  fraction 
with  b.p,  70-85*  (5  mm)  and  16  g  of  residue.  The  bulk  of  the  first  fraction  had  the  following  constants;  b.p, 
73-75*  (4  mm),  d*®4  1.9093,  n*®D  1.5965. 

Found  Vo;  Br  +  I  73,21,  72.99,  CgHgBrl,  Calculated  Vo;  Br  +  I  72.08, 

Infrared  spectrum:  685  v.s,,  794  v.s,,  852  v.w,,  877  w  ,  888  w  ,  915  v.s,,  966  v.s.,  1038  av  ,  1088  v.s., 

1121  av  ,  1169  s  ,  1207  av,  1233  av  .  1259  w  ,  1274  v.w.,  1316  av  ,  1335  av  ,  1372  av  .  1399  s  ,  1434  av  ,  1454 
av  ,  1460  av  ,  1570  av  ,  1612  s  ,  1840  w  ,  2246  av  ,  2876  av  ,  2936  s  ,  2976  v.s,,  3015  v.w,,  3094  w  ,  cm"*, 

SUMMARY 

1,  The  order  of  addition  of  chlorine  and  bromine  iodide  to  vinylacetylene  and  vinylethylacetylene  was 
studied. 

2,  It  was  established  that  chlorine  adds  to  both  hydrocarbons  predominantly  in  the  same  way  as  bromine; 
the  1,4  adduct  was  mainly  formed  in  the  case  of  vinylacetylene  and  the  3,4  adduct  (addition  at  the  double  bond), 
in  the  case  of  vinylethylacetylene. 

3,  It  was  shown  that,  as  regards  order  of  addition,  bromine  iodide  is  similar  to  iodine;  addition  occurs 
mainly  at  the  triple  bond,  regardless  of  the  structure  of  the  starting  hydrocarbon. 
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In  an  investigation  of  the  reactions  of  vinylacetylenes  with  electrophilic,  nucleophilic,  and  radical  reagents, 
rules  for  the  order  of  addition  were  observed  which  are  interesting  in  the  theory  of  organic  chemistry  [1-4],  Thus, 
for  example,  the  reactions  of  vinylacetylene  and  alkenylacetylenes  with  bromine  gave  predominantly  allene  dl- 
bromides  (1,4  addition),  wliile  vinylalkylacetylenes  added  bromine  to  form  acetylene  dibromides  (3,4  addition) 
[1.2]. 

It  was  interesting  to  compare  these  data  with  the  results  of  experiments  on  the  order  of  addition  of  bromine 
to  vinylacetylene  derivatives.  Some  work  in  this  direction  has  already  been  carried  out.  For  example,  the  addi¬ 
tion  of  bromine  to  vinylacetylene  alcohols  [5]  and  methyl  vinylacetylenecarboxylate  [6]  has  been  studied.  In 
both  cases,  addition  occuned  predominantly  at  the  double  bond,  i^e.,  the  same  rule  was  observed  as  for  vinyl¬ 
alkylacetylenes. 

In  the  present  communication,  we  give  the  results  of  determining  the  order  of  addition  of  bromine  to  two 
types  of  vinylacetylene  ketones  (I)  and  (II), 


Cll3_CO-Cll=Gn-C~CH  (I)  R-CO— C=G-CH=Cll2 
(I)  (ID 

(Ila)  k=ch,:  (lib)  die) r=ii -c,h,. 

We  used  infrared  spectroscopy  as  a  method  of  investigating  the  structure  of  the  bromination  products.  It 
was  previously  shown  that  by  this  method  it  is  easy  to  determine  the  order  of  addition  of  various  addends  to  vinyl- 
acetylenes  as  it  is  a  matter  of  choosing  between  three  systems  of  multiple  bonds,  each  of  which  has  its  own  char¬ 
acteristic  infrared  frequencies  [7], 

The  following  comments  may  be  made  on  the  infrared  spectra  of  the  starting  ketones.  In  the  spectrum  of 
ketone  (I),  the  frequencies  2104  and  3284  cm"^  correspond  to  the  acetylene  grouping,  the  frequencies  1598  and 


•Original  Russian  pagination.  See  C  J,  Translation. 
•  •  Enyne  compounds,  XLI, 
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one-5;  4)  ocien-l-yn-3-one-5. 


960  cm"*  to  the  -CH  =  CH  -  grouping  ,  and 
1668-1686  cm"*, to  the  carbonyl  group.  In  the 
spectra  of  ketones  (IIa,b,c),the  band  of  the  val¬ 
ence  vibrations  of  the  triple  bond  ( about  2195 
cm  *)  has  a  higher  intensity,  and  the  band  of  the 
valence  vibrations  of  the  double  bond  (about 
1600  cm"*)  has  a  lower  intensity  than  in  the  spec¬ 
trum  of  ketone  (I).  Intense  bands  of  valence  vi¬ 
brations  at  about  970  and  940  cm"*  correspond  to 
the  vinyl  group.  In  the  spectra  of  all  the  ketones 
the  frequencies  of  the  multiple  bonds  are  strongly 
reduced,  due  to  conjugation.  The  band  of  the 
carbonyl  group  has  a  complex  outline.  The  band 
in  the  region  of  1170  cm"*,characteristic  of  the 
group  CH3-CO,is  differentiated  only  in  the  spec¬ 
trum  of  ketone  (I), 

Intense  absorption  was  observed  in  the  re¬ 
gion  of  1220-1270  cm"*.  In  the  region  of  3300 
cm"*  there  was  a  weak  band, which  may  be  an 
overtone  [8J,  Ketones  with  a  terminal  vinyl  group 
(II)  absorb  at  about  3100  cm"*  (Fig.  1). 


Fig.  2,  Infrared  transmission  spectra  of  CCI4  solutions; 
1)  hexen-2-yn-l-one-5  (I);  2)  bromination  products  of 
ketone  (I)  with  a  1:1  ratio;  3)  bromination  products  of 
ketone  (I)  with  a  1: 1,5  ratio. 


To  determine  the  order  of  addition  of  bro¬ 
mine  to  vinylacetylene  ketones,  we  compared  the 
infrared  spectra  of  CCI4  solutions  of  these  ketones 
with  the  spectra  of  solutions  of  their  bromination 
products  in  the  same  solvent.  As  the  reaction 
mixture  was  not  treated  in  any  way  to  isolate  the 
bromides,  the  data  obtained  undoubtedly  refer  to 
the  initial  bromination  products. 

A  comparison  of  the  spectra  of  solutions  of 
ketone  (I)  and  its  bromination  products  (equimolar 
amount  of  bromine)  showed  that  bromination  led 
to  considerable  weakening  of  the  frequencies  as¬ 
sociated  with  the  acetylene  bond  and  strengthen¬ 
ing  of  absorption  in  the  region  of  1600  and  1720 
cm"*.  These  data  indicate  that  the  addition  of 
bromine  occurred  predominantly  at  the  triple  bond. 
However,  at  the  same  time  there  was  also  bromina¬ 
tion  at  the  double  bond  with  the  formation  of  an 
unconjugated  ketone  (frequency  1720  cm"*).  The 


partial  bromination  of  the  double  bond  is  also  in¬ 
dicated  by  the  fact  that  even  when  a  50%  excess 
of  bromine  was  used  in  the  reaction,  the  triple  bond  did  not  disappear  completely,  Bromination  in  the  1,4  posi¬ 
tion,  which  is  characteristic  of  enyne  hydrocarbons  with  a  terminal  acetylene  grouping,  did  not  occur  in  the  case 
of  the  ketones, as  the  spectra  of  the  bromides  did  not  show  absorption  characteristic  of  an  allene  grouping  (1960 
cm"*)  (Fig.  2). 


The  spectra  of  the  bromination  products  of  ketones  of  type  (II)  showed  considerable  weakening  of  the  triple- 
bond  frequency  in  comparison  with  the  spectra  of  the  starling  ketones.  The  double- bond  valence  frequencies  in¬ 
creased  in  intensity  and  new,  lower  frequencies  appeared.  The  deformation  frequencies  of  the  vinyl  group  changed 
little.  The  absorption  band  of  the  carbonyl  group  spread  toward  higher  frequencies.  As  in  the  first  case,  no  fre¬ 
quencies  of  an  allene  system  were  detected  here  (Fig,  3), 
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Percent  tiansmissioa 


Fig,  3,  Infrared  transmission  spectra  of  CCI4  solutions:  1) 
hcxen-l-yn-3-one-5  (Ila);  2)  bromlnation  products  of  ke¬ 
tone  Ilia)  with  a  ratio  of  1:1;  3)  brominatlon  products  of 
ketone  (Ila)  with  a  ratio  of  1:1,5;  4)  hepten-l-yn-3-one- 
5  lllb) ;  6)  bromlnation  products  of  ketone  (nb)  with  a 
ratio  of  1:1;  6)  bromlnation  products  of  ketone  (lib)  with 
a  ratio  of  1:1.5;  7)  octen-l-yn-3-one-5  (lie);  8)  bromlna¬ 
tion  products  of  ketone  (He)  with  a  ratio  of  1:1, 


mo 


1500 
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Fig.  4,  Infrared  transmission  spectra  of  the  dibromides  of 
hexen-l-yn-3-one-5. 


The  data  presented  show  that  bromlna¬ 
tion  of  ketones  of  type  (n)  occurred  at  both 
multiple  bonds;  1,4  addition  was  not  observed. 

We  were  unable  to  isolate  dibromides  of 
ketone  (I);  decomposition  occurred  during  an 
attempt  to  distill  them  from  the  reaction  mix¬ 
ture. 

Dibromides  of  ketone  (Ila)  were  isolated 
from  the  reaction  mixture.  An  investigation 
of  their  infrared  spectra  showed  that  the  cor¬ 
rect  conclusion  was  drawn  in  experiments  with 
solutions:  Ketone  (Ila)  added  bromine  to  form 
acetylene  and  diene  ketones.  The  spectrum 
contained  frequencies  of  an  acetylene  group 
(2186  cm“*)  and  a  double  bond  (1530-1606 
cm”*),  and  also  the  deformation  frequencies 
of  a  vinyl  group  (932  and  967  cm"*)  (Fig,  4), 

Thus,  by  the  present  investigation  it  was 
established  that  vinylacetylene  ketones  add 
bromine  much  less  selectively  than  hydrocar¬ 
bons  of  analogous  structure.  In  this  case,  there 
is  also  complete  absence  of  1,4  addition.  The 
comparatively  high  rate  of  bromine  addition 
is  noteworthy. 

A  triple  bond  normally  shows  low  re¬ 
activity  toward  bromine.  In  our  experiments 
the  carbonyl  group  increased  this  reactivity. 

This  effect  is  difficult  to  explain  if  bromlna¬ 
tion  is  regarded  as  electrophilic  addition.  It 
is  most  likely  that  nucleophilic  addition  of 
bromine  occurs  during  the  bromlnation  of 
vinylacetylene  ketones.  In  recent  years  anal¬ 
ogous  hypotheses  have  been  put  forward  for 
the  bromlnation  of  other  organic  compounds, 
Including  unsaturated  ketones  [9-11], 

EXPERIMENTAL 

Hexen-3-yn-l-one-5.  Hexen-4-yn-l- 
0I-3  was  prepared  from  crotonaldehyde  and 
sodium  acetylide  in  liquid  ammonia  [12],  The 
alcohol  yield  was  30*70  (on  crotonaldehyde). 
Isomerization  of  this  alcohol  by  sulfuric  acid 
gave  a  60*7o  yield  of  hcxen-3-yn-l-ol-5.  Oxi¬ 
dation  of  the  latter  with  chromic  mixture  gave 
hexen-3-yn-l-one-5  (157o  yield), 

B.p.  55-57*  (20  mm),  d”4  0,9308,  n*®D 
1.4951. 

Infrared  spectrum:  753  av,,  837  w,, 

909  w,,  960  v,s.,  1018  av,,  1037  av,,  1052  av„ 
1122  w.,  1176  v,s.,  1256  v.s.,  1297  s.,  1360  v,s„ 
1424  av,,  1598  v,s,,  1645  s.,  1668  s„  1686  s„ 
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2104  s.,  2893  v.w.,  2927  w„  2977  av.,  3011  w.,  3042  v.w.,  3284  v^.,  ctn’^ 

The  2,4-dlnitrophenylhydrazone  formed  brown  platelets  (alcohol  +  dioxane)  with  m.p.  180*  (decomp.)  [12], 

Hexen*l-yn-3-one-5  was  prepared  from  magnesium  vlnylacetyllde  and  acetic  anhydride  [13],  The  yield 
was  30^, 

B.p,  35-35.5*  (10  mmXd”^  0.9081,  n*®D  1.4840. 

Infrared  spectrum:  764  w,,797  av. ,950  v.s,,  972  v.s,,  980  v.s,,  1017  v.s„  1099  s.,  1220  vj,,  1356  v.s,, 

1414  V.S.,  1598  s.,  1660  s.,  1676  s.,  1688  s.,  1878  av.,  2039  v.w.,  2090  v.w.,  2196  v.s„  28  77  v.w.,  2920  av., 

2977  av.,  3016  s.,  3108  w.,  3328  w,  cm"^. 

2,4-Dinitrophenylhydrazone:  m.p.  161*  (alcohol  +  ethyl  acetate). 

Hepten-l-yn-3-one-5  was  obtained  analogously  (from  magnesium  vlnylacetyllde  and  propionic  anhydride) 
in  33*70  yield.  The  reaction  product  was  stirred  for  a  day  with  sodium  carbonate  solution  for  complete  removal  of 
the  excess  propionic  anhydride, 

B.p.  37-37.5*  (5  mm),  d^°4  0.8992,  n*°D  1.4843,  MR  34.37;  calc.  32.07. 

Found  *7^:  C  77.77;  H  7.52  .CyHsO.  Calculated  ^  C  77.77;  H  7.41. 

Infrared  spectrum:  799  av., 913  v.s.,  938  v.s.,  963  v.s.,  1051  v.s.,  1091  av.,  1188  v.s.,  1265  s.,  1310  w., 
1352  V.S.,  1383  av.,  1414  v.s.,  1464  s.,  1604  av.,  1672  v.s.,  1883  w.,  2088  v.w.,  2196  v.s„  2878  av.,  2909  av., 
2943  s,,  2983  s,,  3022  av.,  3055  v.w.,  3108  w,,  3335  v.w.,  cm"^. 

The  2,4-dInitrophenylhydrazone  formed  yellow  needles  with  m.p,  133-134*  (alcohol). 

Found  %:  N  19.69.  Ci3H^04N4,  Calculated  *7o:  N  19.45, 

Octen-l-yn-3-ont-5  was  obtained  from  magnesium  vinylacetylide  and  butyric  anhydride  In  157o  yield, 

B.p.  41*  (3  mm),  d*°4  0.8880, n^®D  1.4823,  MR  39,21;  calc.  36.69. 

Found  %  C  78.15;  H  8.19.  CgHioO.  Calculated  C  78.65;  H  8.21. 

Infrared  spectrum:  748  av..770  av.,796  au,  815  av,,860  w,,  889  s,,  938  v,s,,  966  v.s.,  1019  av,,  1054  vj„ 
1106  w„  1179  V.S.,  1244  v.s.,  1268  v.s.,  1292  s.,  1356  s.,  1379  s.,  1408  s.,  1463  av.,  1602  av.,  1663  v.s.,  1692  s., 
1708  w,,  1725  w,,  1875  w.,  2061  v.w,,  2123  v.w,,  2193  v.s.,  2740  v.w.,  2881  v.s,,  2907  v.s,,  2939  v.s„  2967  v.s,, 
3020  av,,  3107  w,,  3328  w.,  cm' 
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The.2,4-dinitrophenylhydrazone  formed  yellow  needles  with  m.p,  73-74*  (alcohol). 

Found  °Jo:  N  18,55,  18.59,  C14II14O4N4.  Calculated  %  N  18.54, 

Brominatlon  of  ketones.  To  a  solution  of  0,01  mole  of  ketone  in  5  ml  of  CCI4  was  added  a  solution  of 
0,011  or  0,015  mole  of  bromine  in  4  ml  of  CCI4  with  vigorous  stirring  and  cooling  to  —5  to  10*.  The  final  solu¬ 
tion  was  diluted  to  10  ml.  The  spectrum  of  this  solution  was  compared  with  that  of  a  solution  of  0,002  mole  of 
ketone  in  2  ml  of  CCI4, 

The  products  from  the  brominatlon  of  5,8  g  of  ketone  (Ila)  under  the  same  conditions  were  vacuum  distilled 
at  3  mm.  This  yielded  4,6  g  of  dibromides  and  6,9  g  of  high-boiling  products. 

The  dlbromides  had  b.p.  85-105*  (4  mm),  d^®4  1.8081,  n*®D  1,5756, 

Found  ’’Joi  Br  62.92,  62.12,  CgHgOBrg,  Calculated  ’’Jo:  Br  62,93, 

In  all  cases,  substitution  was  insignificant  during  brominatlon. 

The  infrared  spectra  v/ere  plotted  with  an  IKS- 14  spectrophotometer  with  LIF  and  NaCl  prisms  with  a  layer 
thickness  of  0,1  and  0,25  mm  for  solutions  and  0,032  mm  for  pure  ketones. 

SUMMARY 

1,  The  order  of  addition  of  bromine  to  vinylacetylene  ketones  of  the  type  R“  CO“  CH  =  CH—  C^  CH 
and  R—  CO  —  C  =  C  —  CH=CH2  was  investigated. 


1471 


2.  It  was  shown  that  in  both  cases  bromine  addition  occurred  at  both  the  triple  and  double  bonds;  1.4 
addition  was  not  observed. 
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TERT- BUTYL  CHLORIDE  TO  BUTADIENE  AND  CHLOROPRENE 
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An  investigation  of  the  telomerization  of  dienes  with  saturated  halogen  derivatives  showed  that  only  tertiary 
alkyl  halides  give  a  good  yield  of  monomeric  adducts  of  the  type  R—  C^H^—  Cl  [1],  To  determine  the  possibility 
of  using  this  reaction  in  organic  synthesis,  we  studied  the  conversions  of  the  above  halogen  derivatives  into  un- 
saiurated  aldehydes  and  ketones  with  a  tertiary  carbon  atom  according  to  the  following  scheme. 

(CH3)3CCll2CX=CllCH2Cl  (CH3)3CCH2CX=CIICH0  CHsCOCH, 

— >  (Cn3)3CCIl2CX=CllCH=CHCOCll3 

The  structure  of  the  addition  product  of  tert-butyl  chloride  and  butadiene  has  been  demonstrated  previously 
by  ozonization  [1],  We  investigated  its  infrared  spectrum  (Fig,  1,  curve  1),  This  spectrum  contained  the  fre¬ 
quencies  1669  and  971  cm"^,  which  are  characteristic  of  the  grouping  — CH  =  CH—  ,  while  the  frequencies  of 
valence  and  deformation  vibrations  of  a  vinyl  group  were  absent.  Thus,  there  was  no  doubt  about  the  structure 
of  the  substance. 

The  adduct  of  tert-butyl  chloride  and  chloroprene  was  obtained  in  our  laboratory  as  early  as  1953  [2];  how¬ 
ever,  no  data  on  it  were  published  in  journals.  As  in  the  first  case,  the  structure  of  the  substance  was  previously 


•  Original  Russian  pagination.  See  C,B,  translation. 
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demonstrated  by  ozonization.  Its  infrared  spectrum  (Fig,  I, 
curve  2)  contained  an  intense  band  at  the  frequency  of  double¬ 
bond  valence  vibration  (1645  cm"M, which  was  narrower  than  in 
the  previous  case,  and  also  the  frequency  of  deformation  vibrations 
of  CH  in  the  grouping  CCl  =  CH-  (834  cm"*).  No  bands  which 
could  be  assigned  to  vibrations  of  a  vinyl  group  were  detected. 
Frequencies  in  the  region  of  1200-1250  cm**  in  both  of  the  spectra 
Investigated  were  ascribed  to  the  presence  of  a  tertiary  grouping. 

The  chlorides  were  converted  into  the  unsaturated  aldehydes 
by  means  of  the  Sommelet  reaction  [3],  which  has  already  been 
used  many  times  in  our  laboratory  for  the  synthesis  of  terpene 
aldehydes  [4], 


Fig,  1,  Infrared  transmission  spectra; 

1)  l-chloro-5,5-dimethylhcxene-2; 

2)  l,3-dlchloro-5,5-dimethylhexene-2. 
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Fig,  2,  Infrared  transmission  spectra: 
1)  5,5-dlmethylhexen-2-al;  2)  3- 
chloro-6,5-dimethylhexen-2-al;  3) 
2,2-dimethylnonadien-4,6-one-8;  4) 
4-chloro-2,2-dimcthylnonadien-4,6- 
one-8;  5)  5,5-dimethylhexanal  (with 
impurities). 


From  l-chloro-5,5-dimethylhexene-2  we  obtained  5,5-dI- 
methylhexen-2-al  (I),  and  from  1 ,3-dichloro-5,5-dlmcthylhex- 
ene-2,  3-chloro-5,5-dimethylhexen-2-al  (II),  Both  aldehydes 
were  colorless  oils  with  the  smell  of  hay.  They  became  yellow 
during  storage.  They  were  insoluble  in  water,  but  dissolved  readily 
in  the  usual  organic  solvents. 

In  the  infrared  spectrum  of  aldehyde  (I)  (Fig,  2,  curve  1), 
three  frequencies  in  the  region  of  1679-1702  cm'*  corresponded  to 
the  carbonyl  group  and  the  frequency  of  1640  cm"*,  to  the  double 
bond.  The  deformation  frequencies  in  the  grouping  — CH=CH- 
corresponded  to  approximately  the  same  frequency  as  in  the  start¬ 
ing  chloride  (977  cm**).  The  frequencies  of  1114  and  1166  cm** 
were  probably  connected  with  the  presence  of  the  aldehyde  group, 
and  the  frequencies  of  1197  and  1234  cm"*  with  the  presence  of 
the  quaternary  grouping. 

The  Infrared  spectrum  of  aldehyde  (II)  differed  from  that  of 
aldehyde  (I)  (Fig.  2,  curve  2)  in  a  higher  intensity,  a  displacement 
of  the  double-bond  frequency  into  the  long-wave  region  by  28  cm* 
the  absence  of  absorption  in  the  region  of  900-1000  cm**,  and  the 
presence  of  a  quite  intense  band  at  840  cm"*  (deformation  vibra¬ 
tion  of  CH  in  the  grouping  — CCl=Cn-), 

Both  aldehydes  reacted  readily  with  hydrazine  derivatives; 
under  normal  conditions  they  yielded  readily  crystallizable  seml- 
carbazones  and  2,4-dinitrophenylhydrazones, 

Condensation  of  the  aldehydes  with  acetone  yielded  diene 
ketones  as  slightly  yellowish  oils  with  a  pleasant  smell.  In  the  in¬ 
frared  spectra  of  these  ketones,  the  frequencies  of  1594  and  1627 
cm"*  and  1594  and  1615  cm**,  respectively,  corresponded  to  the 
double  bond  and  the  frequencies  of  1666  and  1663  cm**,  respect¬ 
ively,  to  the  carbonyl  group.  The  intense  bands  in  the  region  of 
970-990  cm**  could  be  ascribed  to  deformation  vibrations  in  the 
grouping  -CH=CH—  (Fig,  2,  curves  3  and  4). 

As  a  result  of  the  addition  of  the  first  mole  of  hydrogen,  hy¬ 
drogenation  of  aldehyde  (I)  over  colloidal  palladium  yielded  pre¬ 
dominantly  5,5-dimethylhexenal  (Fig.  2,  curve  5);  however,  the 
substance  contained  an  alcohol  (established  by  the  infrared  spec¬ 
trum).  Consequently,  the  hydrogenation  under  these  conditions 
was  not  completely  selective. 
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The  investigation  presented  showed  that  by  means  of  telomerization  it  is  possible  to  obtain  from  dienes  a 
series  of  unsaturated  aldehydes  and  ketones  with  quaternary  carbon  atoms. 

EXPERIMENTAL 

Preparation  of  5,5-dimethylhcxcn-2-al.  The  starting  l-chloro-5,5-dimethyihexene-2  was  obtained  by  ad¬ 
dition  of  tert-butyl  chloride  (0,25  mole)  to  butadiene  (0,3  mole)  in  the  presence  of  1  g  of  anhydrous  zinc  chlo¬ 
ride  and  0,1  g  of  hydroquinone.  The  reaction  mixture  was  shaken  mechanically  in  a  closed,  thick- walled  bottle 
for  40  hr.  Then  4  ml  of  diethylamine  was  added.  The  precipitate  was  removed  by  filtration.  The  liquid  was 
vacuum  distilled.  This  yielded  11  g  (257o)  of  l-chloro-5,5-dimethylhexene-2  with  b.p,  47-48*  (10  mm). 

Infrared  spectrum:*  735  s,,787  av,,873  w„900  w,,  932  w„  971  v,s.,  1012  w,,  1031  w„  1085  av,,  1138  w,, 
1199  av„  1245  v,s„  1276  w„  1342  v,w.,  1368  s,,  1387  av.,  1441  s,,  1473  s,,  1669  av„  cm"^, 

A  mixture  of  27  g  of  l-chloro-5,5-dimethylhexene-2,  31  g  of  urotropine  (207o  excess),  and  200  ml  of  di- 
chlorocthanc  was  shaken  in  a  closed,  thick-walled  bottle  for  80  hr.  To  the  crystalline  mass  obtained  was  added 
150  ml  of  water,  whereupon  the  reaction  mixture  separated  into  two  layers.  The  dichloroethane  layer  was  washed 
twice  with  water.  Distillation  of  this  layer  yielded  8  g  of  unreacted  starting  chloride. 

The  aqueous  layer  (combined  with  wash  waters  from  the  dichloroethane  layer)  was  carefully  separated  from 
insoluble  materials,  160  ml  of  30°Jo  formalin  solution  added,  and  the  mixture  steam  distilled  with  the  solution 
gradually  added  to  the  distillation  flask  as  distillate  was  removed.  The  distillate  (1,5-2  liters)  was  saturated  with 
sodium  chloride  and  extracted  3-4  times  with  ether.  The  ether  extracts  were  dried  with  baked  sodium  sulfate, 
the  ether  removed  on  a  water  bath,  and  the  residue  (19  g)  vacuum  distilled  (3  mm).  This  yielded  the  following 
fractions:  1st  up  to  39*,  0.5  g;  2nd,  39-39,5*,  14,9  g  (64*70  yield);  residue  1,3  g, 

5,5-Dimcthylhexcn  -2-al:  b.p,  55-55.5*  (10  mm),  d*°4  0,8357,  n*®D  1.4490,  MR  40,50,  calc.  38,69, 

Found  C  76.40,  76.08;  H  11.23,  11.05.  M  130.2,  123.7,  CjHmO,  Calculated  ‘fe  C  76.14;  H  11.18, 

M  126.2. 

Infrared  spectrum:*  *  735  w.,797  w  ,313  w.,889  av.,933  av.,977  v.s,,  1011  s.,  1032  av,,  1076  w,,  1114  v,s,, 
1166  s.,  1197  w.,  1234  s.,  1290  w.,  1322  w.,  1369  s.,  1392  av.,  1433  w.,  1468  s.,  1473  s.,  1640  s.,  1679  s.,  1690  s., 
1702  s.,  2705  s,,  2739  s,,  2816  s.,  2869  v,s,,  2911  v,s,,  2946  v.s,,  cm’*, 

Semicarbazone:  m.p.  181-181.5*  (aqueous  alcohol).  It  formed  fine,  colorless  platelets. 

Found  N  22.75,  23.18.  C9H17ON3.  Calculated  ^  N  22.93. 

2,4-Dinitrophcnylhydrazone:  M.p,  188-188.2*  (alcohol).  It  formed  orange  platelets. 

Found  %  N  18.21,  18.43.  C14H18O4N4.  Calculated  *7^:  N  18,30. 

Preparation  of  2,2-dimethylnonadien“4,6-one-8.  Into  a  flask  with  a  mechanical  stirrer,  dropping  funnel, 
and  thermometer  were  placed  10  g  of  5,5-dimethylhexen-2al  and  42  g  (tenfold  excess)  of  anhydrous  acetone. 
The  mixture  was  cooled  to-lOto-12*  and  stirred  vigorously  while  a  solution  of  sodium  alcoholate  (0.8  g  of  so¬ 
dium  in  17,5  ml  of  alcohol)  was  added  dropwise.  The  reaction  mixture  thereupon  acquired  an  orange-red  color. 
After  the  mixture  had  been  stirred  for  5  min,  2,6  g  of  tartaric  acid  and  18  ml  of  water  were  added,  and  the  ace¬ 
tone  was  then  steam  distilled  (until  the  appearance  of  turbid  drops  in  the  receiver).  After  cooling,  the  oily  layer 
was  separated  from  the  aqueous  one,  dried  with  baked  sodium  sulfate,  and  vacuum  distilled  (10  mm).  The  follow¬ 
ing  fractions  were  obtained:  1st  up  to  70*,  2.4  g;  2nd,  70-105*,  1  g;  3rd,  105-115*,  7.6  g  (57% yield);  4th,  115  to 
140*,  0,9  g;  residue  0,9  g. 

Redistillation  of  the  third  fraction  yielded  2,2-dimethylnonadlen-4,6-one-8, 

B.p.  108-110*  (10  mm),  d*‘’4  0.8721,  n*°D  1,5000,  MR  56.07,  calc.  52.08. 

*  Layer  thickness  0,1  mm,  instrument  -  IKS-2, 

*  *  Layer  thickness  2-3  p . 
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Found  °loi  C  78.39,  78.88;  H  11.09,  11.09.  M  162.8,  159.1.  CyHigO.  Calculated  %  C  79.46;  H  10.91; 

M  166.4. 

Infrared  spectrum:*  733  w,,803  w.,  817  w.,  863  w.,  896  av.,  932  w.,  960  s.,  993  v.s.,  1133  s,,  1160  s., 

1194  $.,  1234  V.S..  1358  v.s.,1393  s.,  1428  s.,  1464  s.,  1594  s.,  1627  s.,  1662  s..  1689  s.,  cm’‘. 

Semicarbazonc:  m.p.  154-154.5*  (from  aqueous  alcohol).  It  formed  fine,  colorless  crystals. 

Found  %  N  18.64.  18.92.  CuHjjONa.  Calculated  N  18.82. 

2.4- Dlnitrophenylhydrazone:  m.p,  178,5-179*  (alcohol).  It  formed  fine,  orange-red  crystals. 

Found  *70;  C  58.93,  59.14;  H  6.55;  6.60;  N  16.36,  16.37.  C,7H2204N4.  Calculated  *70:  C  58.94;  H  6.40; 

N  16.18. 

Preparation  of  3-chloro-5,5-dimethylhexen  -2-al.  By  shaking  a  mixture  of  23  g  of  tert-butyl  chloride 
(0,25  mole)  and  26.6  g  of  freshly  distilled  chloroprcne  (0.3  mole)  in  the  presence  of  1  g  of  zinc  chloride  and 
0,1  g  of  hydroqulnone  for  40  hr  we  obtained  25,5  g  (47.0*70)  of  l,3-dichloro-5,5-dimethylhexene-2, 

B.p.  73*  (10  mm).d”4  1.0313,  n^D  1.4698. 

Infrared  spectrum:*  *  745  s,,  834  s.,  897  s.,  906  av.,  933  w,,  1099  w,,  1026  w,,  1072  s,,  1093  s,,  1153  w,, 

1193  s.,  1237  V.S.,  1246  v.s.,  1276  w.,  1314  av..  1368  s.,  1398  av.,  1433  av.,  1442  av..  1468  s,,  1645  av.,cm“\ 

A  mixture  of  32  g  of  1 ,3-dichloro-5,5-dimethylhexene-2,  30  g  of  urotropinc  ( 20*70  excess )4nd  300  ml  of 
dlchloroethane  was  shaken  for  80  hr.  The  solid  reaction  mass  was  treated  in  the  same  way  as  in  the  previous  ex¬ 
periment,  This  yielded  14,5  g  of  aldehyde  (51*7o),  About  7  g  of  dichloridc  was  recovered, 

3-Chloro-5,5-dimethylhexen-2-al:  b.p.  76-77*  (10  mm),  d”4  0.9963,  n*®D  1.4760,  MR  45.48;  calc.  43.56. 

Found ‘7<':  C  60.04,  59.71;  11  8.33,8.25;  Cl  22.15,  22.31;  M  160.1,  164.8.  CgHuOCl.  Calculated  *70; 

C  59.81;  H  8.16;  Cl  22.07.  M  160.6. 

Infrared  spectrum:*  *  *  748  av,,841  av,,  889  av,,  930  w,,  973  w,,  1050  w,,  1077  s.,  1110  v.s,,  1168  s,, 

1198  w.,  1232  s..  1250  s..  1300  w.,  1313  w.,  1371  s.,  1392  av.,  1434  w„  1470  s..  1612  v.s.,  1676  v.s.,  cm'\ 

Semicarbazonc:  m.p,  195-195,5*  (alcohol).  It  formed  colorless  needles. 

Found  %  N  19.72,  19.79.  CjUjeONaCl.  Calculated  %  N  19.35. 

2.4- Dinitrophenylhydrazone:  m.p.  148.5-149.5*  (alcohol).  It  formed  orange  needles. 

Found  °Joi  N  17.16,  16.99.  Cj4Hi704N^l.  Calculated  %  N  16.44. 

Preparation  of  4-chloro-2,2-dimethyInonadien-4,6-one-8.  Under  the  conditions  described  for  the  prepara¬ 
tion  of  2,2-dimethylnonadien-4,6-one-8,  7  g  of  3-chloro-5,5-dimethylhexen-2-al  and  34  ml  of  anhydrous  ace¬ 
tone  yielded  4  g  (40*75)  of  crude  condensation  product  with  b.p.  114-122*  (3  mm),  Redistillation  gave  quite  pure 
4-chloro-2,2-dimethylnonadien-4,6-one-8  as  a  liquid  with  a  pleasant  fruity  odor,  which  was  insoluble  in  water, 

B.p.  122-129*  (8  mm),  d^®4  0.9930,  n^D  1.5175.  MR  61.20;  calc.  56.94. 

Found  *7<!;  C  65.31,  65.76;  118.88,9.16;  Cl  17.13 ,  1 7.48.  CjiHitOCI.  Calculated  *70:  C  65.82;  H  8.54; 

Cl  17.66. 

Infrared  spectrum;  746  av.,  817  av,,  888  av„  897  av,,  934  w,,  972  v.s.,  1023  w,,  1065  w.,  1087  s,,  1139  av,, 
1166  av.,  1197  av.,1237  s.,  1256  s.,  1278  s.,  1334  av.,  1360  s.,  1396  av.,  1428  av.,  1472  av.,  1594  s.,  1615  s., 

1663  s.,  1690  w,,  1712  av,,  cm"*. 

The  semicarbazone  formed  fine,  sligiitly  yellowish  crystals  with  m.p.  177-177,5*. 

Found  %  C  56.46,  56.63;  H  8.17,  8.18;  N  16.09,  16.16;  Cl  14.87,  14.91.  CuHzoONjCl.  Calculated 
C  55.91;  H  7.82;  N  16.32;  Cl  13.75.  , 


•  Layer  thickness  0,01  mm. 

•  •  Layer  thickness  0.032  mm. 

•  •  •  Layer  thickness  2-3(i , 
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The  2,4-dinitrophenylhydrazone  formed  fine  red  crystals  with  m.p.  172,5- 173*, 

Found  %:  N  14.59,  14,88.  Ci7H,i04N^l.  Calculated  'fe  N  14.71. 

The  Infrared  spectra  were  plotted  on  an  IKS -14  spectrophotometer  (with  the  exception  of  the  case  men¬ 
tioned)  with  an  NaCl  prism. 


SUMMARY 

1,  By  means  of  the  Sommelet  reaction,  the  adducts  of  tert-butyl  chloride  with  butadiene  and  chloroprene 
were  converted  into  two  aldehydes  with  quaternary  carbon  atoms,  namely  5,5-dimethylhexen-2-al  and 
3-chloro-5,5-dimethylhexen-2-al, 

2.  Some  reactions  of  these  aldehydes  were  Investigated,  namely  those  with  hydrazine  derivatives  (seml- 
carbazones  and  2,4-dinltrophcnylhydrazones  were  prepared),  and  with  acetone  in  the  presence  of  sodium  alco- 
holate  (2,2-dimcthylnonadien-4,6-one-8  and  4-chloro-2,2-dimethylnonadien-4,6-one-8  were  prepared). 
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C-Noremetine  differs  from  the  alkaloid  emetine  in  lacking  an  ethyl  group  at  Cg.  Several  methods  of  pre¬ 
paring  this  compound  have  been  described  in  the  literature  [1-4],  We  undertook  a  synthesis  of  C-noremetine  (VI) 
according  to  a  scheme  developed  for  emetine  in  order  to  compare  the  final  bases  and  intermediate  compounds 
obtained  by  the  different  routes,  which  is  necessary  to  solve  some  problems  on  the  stereoisomerism  of  the  natural 
alkaloid. 


1 1  aCO  OC— C 1 1 2— C 1 1  — CH  2— CO  OCH  a 


CII2-CN 

(I) 


*  Original  Russian  pagination.  See  C.B.  translation. 
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The  methyl  ester  of  6 -cyanomethylgutaric  acid  (I)  was  obtained  by  selective  hydrolysis  and  decarboxyla¬ 
tion  of  the  methyl  ester  of  8”(cyano,  carbcthoxy)-!nethylglutaric  acid  -  an  intermediate  conipound  in  the  synth¬ 
esis  of  the  alkaloid  emetine  [5],  Reductive  condensation  of  (I)  with  homoveratrylamine  yielded  the  methyl  ester 
of  N-[0-(3,4-dimcihoxyphenyl)-ethyl]-a-piperidone-y -acetic  acid  (II,  R  =  CH3).  Hydrolysis  of  the  latter  in  acid 
and  alkaline  media  gave  good  yields  of  the  corresponding  acid  (II,  R  =  H).  Cyclization  of  compound  II  (R  =  CH3) 
with  phosphorus  oxychloride  and  subsequent  hydrogenation  of  the  quaternary  chloride  in  the  presence  of  Raney 
nickel  yielded  the  methyl  ester  of  4’,5'-dimethoxy-3,4,5,6,7,8-hexahydrobenz-(l,2;  l*,2*)-quinolizyl-7-acetic 
acid  (III).  The  reaction  of  ester  (III)  with  homoveratrylamine  yielded  the  amide  (IV),  which  gave  dehydronoreme 
tine  (V)  on  cyclization  with  phosphorous  oxychloride.  Reduction  of  (V)  in  the  presence  of  Raney  nickel  yielded 
C-noremetine  (VI). 


EXPERIMENTAL 

Methyl  ester  of  6 -cyanomethjlglutaric  acid  (I).  To  a  solution  of  sodium  methylate  from  3.4  g  of  sodium 
and  50  ml  of  anhydrous  methanol  were  added  2,06  ml  of  water  and  40  g  of  the  methyl  ester  of  8-(cyano,  carb- 
ethoxy)-methylglutaric  acid.  The  mixture  was  left  for  12  hr  and  then  heated  for  1  hr  on  a  boiling  water  bath. 

The  excess  alcohol  was  removed  in  vacuum.  To  the  residue  was  added  40  ml  of  water.  The  unhydrolyzed  tri¬ 
carboxylic  ester  was  extracted  with  ether  (2  X  50  ml).  The  aqueous  solution  was  acidified  with  hydrochloric 
acid  (to  Congo),  The  oil  liberated  was  extracted  with  ether  (2  X  50  ml)  and  the  extract  dried  with  sodium  sulf¬ 
ate,  The  ether  was  removed  and  the  residue  heated  at  180*  for  30  min.  To  the  cooled  residue  was  added  75  ml 
of  benzene  and  the  solution  washed  with  alkali  (3  x  10  ml).  After  removal  of  the  solvent,  the  residue  was 
distilled.  The  yield  was  13.55  g  (46*70,  without  allowance  for  the  unhydrolyzed  tricarboxylic  ester), 

B.p,  137.5-138*  (2.5  mm),  1.1404,  n^^D  1.4502.  MRq  46.68;  calc.  46.89. 

Found  %  C  54.62,  54.40;  H  6.76,  6.66;  N  6.92,  6.88.  C9H13O4N.  Calculated  ^o;  C  54.27;  H  6.57;  N  7.03. 

Methyl  ester  of  N-[fl -(3,4-dimethoxyphenyl)-ethyl]-«-piperidone-y-acetic  acid  (n,  R  =  CH3).  A  mixture 
of  12  g  of  the  methyl  ester  of  8 -cyano-methylglutaric  acid  and  45  g  of  homoveratrylamine  in  60  ml  of  anhydrous 
methanol  was  hydrogenated  in  the  presence  of  3  g  of  Raney  nickel  at  110  atm  and  110-115*  for  2  hr.  The  cata¬ 
lyst  was  removed  and  the  alcohol  evaporated  in  vacuum.  The  residue  was  dissolved  in  benzene  and  washed  with 
3*70  hydrochloric  acid  and  then  an  aqueous  solution  of  sodium  bicarbonate.  The  solvent  was  removed  and  the 
residue  vacuum  distilled.  The  yield  was  4  g  {20,2%),  The  b.p,  was  200-202*  (0,2  mm).  After  some  time  the 
piperidone  crystallized.  It  separated  from  ether  as  colorless  crystals,  which  were  readily  soluble  in  alcohol  and 
benzene,  but  insoluble  in  water.  The  m^).  was  56,5-58*. 
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Found  C  64.16;  H  7.72.  7.41;  N  4.40,  4.13.  CUH25O5N.  Calculated  °k  C  64.46;  H  7,51;  N  4.17, 

N-[B-(3,4~Dimethoxyphenyl)-ethyl3"Ot-piperidone- y-acetic  acid  (II,  R  -  H).  a)  To  the  sodium  methylate 
prepared  from  0,11  g  of  sodium  and  20  ml  of  anhydrous  methanol  was  added  1,6  g  of  the  piperidone  in  6  ml  of 
methanol  and  0,1  g  of  water. On  the  following  day  the  reaction  mixture  was  heated  on  a  boiling  water  bath  for 
1  hr.  The  alcohol  was  removed  in  vacuum  and  the  residue  dissolved  in  water.  The  aqueous  solution  was  shaken 
with  ether  to  remove  the  unhydrolyzed  piperidoneacetlc  ester,  neutralized  with  hydrochloric  acid,  and  extracted 
with  chloroform.  The  solvent  was  removed.  The  residue  was  a  colorless  crystalline  substance  with  m.p,  147- 
147,5*  .  After  recrystallization  from  a  benzene- ether  mixture  (2:1),  the  acid  was  Isolated  as  right  trihedral 
prisms.  The  yield  was  1.3  g  l857o).  The  m.p.  was  148-148.5*. 

b)  A  mixture  of  0.7  g  of  the  methyl  ester  of  N-[6 -(3, 4-dimethoxyphcnyl)-ethyl]-a-piperldone-y -acetic 
acid  and  8  ml  of  6*70  hydrochloric  acid  was  boiled  gently  for  1  hr.  The  solvent  was  removed  in  vacuum.  Benzene 
was  added  to  the  residue  and  removed  in  vacuum  several  times.  The  acid  was  recrystallized  from  a  mixture  of 
benzene  and  ether.  The  yield  was  0.5  g  (83,5*75). 

M.p.  148-148.5* 

Found  %  C  63.27,  63.53;  H  7.05,  7.37;  N  4.41,  4.31.  CiTHijOgN.  Calculated  *7o;  C  63.53;  H  7.21;  N  4.35. 

Methyl  ester  of  4'.5*-dimethoxy-3,4.5,6,7,8-hexahydrobenz-(l,2;l*,2*)-quinolizyl-7-acetic  acid  (III), 

Under  the  conditions  described  previously  [5],  5.2  g  of  the  methyl  ester  of  N-[fl -l3,4-dimethoxyphenyl)-ethyl]- 
-0(-pipcridone-y -acetic  acid  was  cyclized  with  phosphorus  oxychloride  and  the  chloride  of  the  quaternary  base 
then  hydrogenated  in  the  presence  of  Raney  nickel  to  yield  the  base  as  a  colorless  crystalline  material.  The  yield 
was  3,6  g  (65,9*7o).  The  m.p.  was  75,6-76*  (ether). 

Found  7o;  C  67.78,  67.81;  H  7.91,  7.73;  N  4.59,  4.65.  C18H25O4N.  Calculated  %  C  67.72;  H  7.84;  N4.38. 

The  hydrix:hloridc  was  a  colorless,  crystalline  substance,  which  was  readily  soluble  in  water,  less  so  in  al¬ 
cohol,  and  insoluble  in  ether.  The  m.p.  was  192,5-193.5*, 

Found  7":  C  60.95,  61.15;  H  7.18,  7.31;  N  4.01,  4.20.  C18H26O4NCI.  Calculated  7o:  C  60.92;  H  7.36; 

N  3.93. 

6  -(3'',4*'-Dimcthoxyphenyl)  -ethylamido-4*,5*-dimethoxy-3,4,5,6,7,8-hexahydrobenz-(l,2;l*,2*)-quino- 
lizyl- 7- acetic  acid  (IV).  A  mixture  of  1.3  g  of  the  methyl  ester  of  4*, 5*  dimcthoxy-3 ,4,5,6,7,8-hexahydrobenz- 
-(l,2:l',2’)-q^inolizyl-7-acctic  acid  and  2.2  g  of  B -(3 ,4-dimethoxyphenyl)-cthyl3mine  was  heated  at  180-190* 
in  a  stream  of  nitrogen  for  4  lu.  The  cooled  reaction  mass  was  triturated  with  dry  ether.  The  amide  was  isolated 
as  a  colorless,  crystalline  substance,  which  was  readily  soluble  in  alcohol  and  benzene,  less  soluble  in  acetone, 
and  difficultly  soluble  in  water  and  ether.  It  was  rccrystallized  from  acetone.  The  yield  was  1.68  g  (94*75),  The 
m.p,  was  149-150*. 

Found  %.  C  69.35,  69,25;  H  7,7,  7.8;  N  5.75,  5.70.  C27H36O5N2.  Calculated  %  C  69.23;  H  7.69;  N  5.98. 

4*,5*-Dimethoxy-7-(l*-methyl-6*,7''-dimethoxy-3*,4"-dihydroisoquinolyl)-3,4,5,6,7,8-hexahydrobenz- 
-(l,2;l*,2*)-quinolizine  (V),  A  solution  of  0.82  g  of  fl-(3",4"-dimethoxyphcnyl)-ethylamido-4',5'-dimcthoxy- 
-3 ,4,5,6,7,8-hexahydrobenz-(l,2:l*2*)-quinolizyl-7-acetic  acid  in  5  ml  of  chloroform  was  heated  with  4  ml  of 
phosphorus  oxychloride  for  4  hr.  The  usual  treatment  yielded  the  dehydro  base  as  a  colorless,  amorphous  substance 
The  yield  was  0.6  g  (75,l7o).  The  m.p.  was  63-64*. 

Found  7o:  C  72.40,  72.06;  H  7.57,  7,60;  N  6.21.  C27H34O4N2.  Calculated  %  C  71.97;  H  7.60;  N  6.21. 

The  oxalate  was  isolated  as  a  colorless,  crystalline  substance,  which  was  readily  soluble  in  water,  less  so 
in  alcohol,  and  insoluble  in  ether.  The  m.p,  was  185-186,5*  (alcohol). 

Found  70:  C  59.2;  H  6.03;  N  4.10.  C31H38O18N2.  Calculated  7'';  C  59.03;  H  6.07;  N  4.44. 

4*,5*-Dimethoxy-7-(l*-methyl-6*,7*'-dimethoxjrtctrahydroisoquinolyl)-3,4,5.6,7,8-hexahydrobenz- 
-(1.2;l*.2*)-ciuinolizine,  C-norcmetinc.  A  3.46-g  sample  of  dchydro-C-noremetine  was  dissolved  in  anhydrous 
methanol  and  hydrogenated  in  an  autoclave  in  the  presence  of  Raney  nickel  at  an  initial  pressure  of  90  atm  and  at 
55*  for  2  lir.  The  catalyst  was  removed  and  the  alcohol  evaporated  in  vacuum.  The  base  of  noremctlne  was 
isolated  as  a  colorless,  amorphous  substance.  The  yield  was  2,8  g  (80,670).  The  base  was  converted  to  the  oxalate 
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The  oxalate  was  recrystallized  from  alcohol  and  the  base  again  liberated.  The  colorless  amorphous  substance  was 
readily  soluble  in  organic  solvents  and  insoluble  in  water.  The  m,p,  was  53-54,6*, 

Found  °hi  C  71.74;  H  8.26;  N  5.92.  CJ7H36O4NJ.  Calculated  C  71.79;  H  8.00;  N  6.17. 

The  oxalate  had  m.p,  167,5-168.5*  (from  alcohol). 

Found  c  58.73;  H  6.41;  N  4.36.  C27H3j04N,  •  2C,H204.  Calculated  C  58.87;  H  6.33;  N  4.43. 

The  hydrochloride  had  m,p,  201-202,5*  (from  alcohol  with  ether). 

Found  N  5.23;  Cl  13.41;  C,7H3804N2  •  2HCI.  Calculated  N  6.33;  Cl  13.52. 

SUMMARY 

C-Noremetine  was  synthesized. 
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The  methyl  esters  of  tropan-3-ol-2-carboxyllc  acids  may  exist  as  four  racemic  and  eight  optically  active 
isomeric  forms  (I-IV  and  the  corresponding  antipodes  and  racemates). 


Cocaine  and  pseudococaine,  corres[)onding  to  conformations  (I)  and  (n),  are  encountered  in  natural  sources, 
while  the  alloalkaloids  (III  and  IV)  are  not  found  in  plants. 


•  Original  Russian  pagination.  See  C3.  translation. 
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Methyl  esters  of  tropan-3-ol-3-carboxylic  acids  may  be  obtained  by  reduction  of  the  methyl  ester  of 
tropan-3-one-2-carboxylic  acid,  when  the  formation  of  one  or  another  isomer  depends  both  on  the’ hydrogena¬ 
tion  conditions  and  on  the  nature  of  the  reducing  agent. 

From  the  "third  ecgonine"  of  Willstatter  [2],  Zeile  and  Schultz  [1]  obtained  the  methyl  ester  of  alloecgo- 
nine  (rac.  HI.  m^i.  203-205*  for  polyhydrate).  The  method  of  isolating  the  "third  ecgnonine"  was  not  described 
in  this  work,  which  makes  it  difficult  to  repeat  it,  Findlay  [3J  reported  the  reduction  of  the  methyl  ester  of 
tropan-3-one-2-carboxylic  acid,in  the  presence  of  platinum  oxide  to  the  methyl  ester  of  alloecgnonine  (rac,  in« 
m,p.  81,5-83,5*)  and  alkaline  hydrolysis  of  this  gave  alio-  and  allopseudoecgonlnes,  which  were  then  esterifled 
to  the  methyl  esters  of  alloecgnonine  (rac,  in,  picrate  m,p,  204*)  and  allopseudoecgonlne  (rac,  IV,  m^j,  80*; 
plcrate  m,p.  136*).  However,  even  in  the  next  paper,  Findlay  [4]  described  the  methyl  ester  of  (+)-alloecgonine 
as  a  liquid,  without  giving  physicochemical  constants. 

To  prepare  isomeric  ecgonines,  we  studied  a  series  of  catalytic,  electrochemical,  and  chemical  hydrogena¬ 
tion  methods. 

When  Raney  nickel  was  used  as  the  catalyst  for  reduction  of  the  methyl  ester  of  tropan-3-one-2-carboxylic 
acid,  we  obtained  an  oily  substance  which  according  to  analyses  and  molecular  refraction  corresponded  to  the 
methyl  ester  of  ecgonine,  but  whose  constants  differed  considerably  from  those  of  the  latter. 

The  wide  boiling  range  of  the  substance  obtained ,  and  also  the  fact  that  its  iodomethylate  deformed  at 
224,5*,  i.e,,  considerably  below  the  melting  point  (298-299.5*),  compelled  us  to  assume  that  the  substance  ob¬ 
tained  was  a  mixture  of  isomers.  According  to  Auwers*srule[5],  the  low  refractive  index  (1,4814)  and  specific 
gravity  (1.0972)  in  comparison  with  those  of  the  methyl  ester  of  ecgonine  (d*°4  1,1469,  n*°D  1.4880),  indicates 
that  in  the  mixture  formed  the  Isomer  with  a  2,3-trans  structure  predominated.  The  methyl  ester  of  pseudo- 
ccgonlne  (rac,  II)  is  known  to  be  insoluble  in  ether  [6],  The  fact  that  the  substance  obtained  was  readily  soluble 
in  ether  Indicated  that  the  reduction  of  the  methyl  ester  of  tropan-3-one-2-carboxylic  acid  in  the  presence  of 
Raney  nickel  formed  mainly  the  methyl  ester  of  alloecgonine  (rac.  Ill)  with  some  methyl  ester  of  allopseudo- 
ccgoninc  (rac,  IV).  The  amount  of  the  latter  in  the  mixture  Increased  with  more  drastic  hydrogenation  conditions. 

Fractional  distillation  of  the  mixture  of  ecgonine  methyl  esters  obtained  and  fractional  crystallization  of 
the  picrates  yielded  two  individual  methyl  esters,  wltich  should  be  considered  as  the  methyl  ester  of  alloecgonine 
(rac.  Ill)  and  the  methyl  ester  of  allopseudoecgonlne  (rac.  IV).  Thus,  in  the  given  case  of  hydrogenation  in  the 
presence  of  Raney  nickel,  as  in  the  case  of  the  reduction  of  tropinone  [7]  and  N-methyl-3-catbomethoxy-4- 
-piperidone  [8],  3-axial  alcohols  are  formed. 


EXPERIMENTAL 

1.  Methyl  esters  of  alio-  and  allopseudotropan-3-ol-2-carboxylic  acids  (rac,  in  and  IV).  a)  A  solution  of 
20  g  of  the  methyl  ester  of  tropan-3-one-2-carboxylic  acid  in  360  ml  of  absolute  methanol  was  hydrogenated  in 
the  presence  of  Raney  nickel  at  15-20*  and  atmospheric  pressure  with  mechanical  stirring.  When  2.25  liters  of 
hydrogen  had  been  absorbed  over  a  period  of  45-50  hr  and  no  color  was  produced  with  ferric  chloride,  the  catalyst 
was  removed  and  washed  with  65  ml  of  absolute  methanol.  After  removal  of  the  solvent,  the  residue  was  distilled. 
A  colorless,  oily  substance  was  obtained.  The  yield  was  12,4  g  (627o), 

B.p.  87-102*  (0.35  mm),  d*‘’4  1.0972,  n^^D  1.4814,  MR^  51.71,  calc.  51.10. 

Found  %  C  59.80,  60.10;  H  8.61,  8.45;  N  7.08,  7.09.  C10H17O3N.  Calculated  7°:  C  60.28,  H  8.59;  N  7.02. 

b)  Into  a  stainless  steel,  rotating  autoclave  were  placed  20  g  of  the  methyl  ester  of  tropan-3-one-2-carbox- 
ylic  acid  in  360  ml  of  absolute  methanol. and  10  g  of  Raney  nickel.  Reduction  was  carried  out  at  an  initial  pres¬ 
sure  of  100  atm  and  15-20*  for  3-4  hr.  The  subsequent  treatment  of  the  reaction  mixture  and  isolation  of  the  sub¬ 
stance  produced  were  as  in  the  previous  experiment, 

B.p.  90-91*  (0.2  mm),  d*°4  1.1151,  n*”D  1,4862,  MRp  51.32;  calc.  51.10, 

Found  %  C  60.70,  60.50;  H  8.34,  8.54;  N  7.37,  7.33.  CjoHitOsN.  Calculated  Tn  C  60.28;  H  8.59;  N  7.02, 
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Picrates  of  methyl  esters  of  alio-  and  allopseudotropan-3-ol-2-carboxylic  acids,  a)  To  a  solution  of  1,7  g 
of  the  methyl  esters  of  alio-  and  allopseudoecgonines  (experiment  a)  in  7  ml  of  ateolute  methanol  was  added 
1,85  g  of  picric  acid  in  20  ml  of  absolute  methanol.  The  picrate  deposited  was  separated  and  washed  with  ab¬ 
solute  methanol  (1  ml)  and  ether  (6  ml).  The  yield  of  crude  picrate  was  2.4  g  (65.7‘7o).  M.p,  155-165*  (deformed 
at  122*),  The  filtrate  was  concentrated  to  one-third  of  the  initial  volume,  A  further  0,2  g  of  picrate  was  isolated. 
The  m.p.  was  116-130*  (deformed  at  114*).  Repeated  recrystallization  from  absolute  methanol  yielded  the  pic¬ 
rates  of  allopscudoccgonine  and  alloecgonine. 

Picrate  of  the  methyl  ester  of  allopseudotropan-3-ol-2-carboxylic  acid,  allopseudoecgonine.  The  yield 
was  0,65  g  (17,8*70),  The  m.p,  was  196-198*  (deformed  at  195*), 

Found  %  C  44,80;  H  4.40;  N  12.76.  CisHzoOioN^.  Calculated  %  C  44,87;  H  4,71;  N  13.08, 

The  melting  point  was  depressed  by  admixture  with  picrates  of  methyl  esters  of  Isomeric  eegonines. 

Picrate  of  methyl  ester  of  allotropan-3-ol“2-carboxylic  acid,  alloecgonine.  The  yield  was  0,72  g  (19,7*70), 
The  m.p.  was  126-131*  (deformed  at  125*), 

Found  %  c  44.34;  H  4.82;  N  12.88,  C16H20O10N4.  Calculated  *7o;  C  44.87;  H  4.71;  N  13.08. 

A  mixture  of  the  picrate  of  the  methyl  ester  of  alloecgonine  with  the  picrate  of  the  methyl  ester  of  allo¬ 
pseudoecgonine  melted  at  125-140*  (deformed  at  122*). 

b)  To  a  solution  of  1.2  g  of  the  methyl  esters  of  aUo-  and  allopseudoecgonines  obtained  in  experiment  lb 
in  20  ml  of  absolute  methanol  was  added  1,32  g  of  picric  acid  in  14  ml  of  absolute  methanol.  The  yield  of  pic¬ 
rate  was  1.4  g  (54,3*7o).  The  m,p,  was  189-191*  (deformed  at  187*).  Concentration  of  the  filtrate  to  2.5  ml 
yielded  a  further  0.8  g  (31.07o)  of  picrate.  The  m.p,  was  116-120*  (deformed  at  115*), 

I.  Recrystallization  of  the  1.4  g  of  crude  picrate  from  84  ml  of  absolute  methanol  yielded  the  picrate  of 
the  methyl  ester  of  allopseudoecgonine.  The  yield  was  1,1  g  (42,6*7o).  The  m.p,  was  199-201*  (deformed  at  196*). 

Found  %  C  44.57;  H  4.87;  N  13.32.  C16H20O10N4.  Calculated  C  44.87;  H  4.71;  N  13.08. 

II.  Recrystallization  of  the  0,8  g  of  picrate  from  5,6  ml  of  absolute  methanol  yielded  the  picrate  of  the 
methyl  ester  of  alloecgonine.  The  yield  was  0,3  g  (11.67o),  The  m.p.  was  125-130*  (deformed  at  124*), 

Found  *7o:  N  13.28,  C16H20O10N4.  Calculated  N  13,08, 

Hydrochloride  of  the  methyl  ester  of  alloecgonine,  A  sample  (0.55  g)  of  the  picrate  of  the  methyl  ester  of 
alloecgonine  with  m.p.  126-131*  (deformed  at  125")  was  dissolved  at  0  to  +2*  in  5  ml  of  dilute  (4:1)  hydrochloric 
acid.  The  picric  acid  was  extracted  with  benzene  (4  X  15  ml).  The  aqueous  solution  was  neutralized  with  po¬ 
tassium  carbonate  at  0  to  +2*  and  the  base  extracted  with  chloroform  (60  ml)  and  dried  with  sodium  sulfate.  Re¬ 
moval  of  the  chloroform  yielded  an  oily  substance.  The  yield  was  0,17  g  (66.5*70),  A  solution  of  0,17  g  of  the 
base  (methyl  ester  of  alloecgonine)  in  1  ml  of  absolute  methanol  was  neutralized  with  an  ether  solution  of  hydro¬ 
gen  chloride  at  0*.  The  hydrochloride  of  the  methyl  ester  of  alloecgonine  was  obtained  as  a  light  yellow,  thick 
oil.  The  yield  was  0,16  g  (79,6‘7‘’), 

Found  %  N  5.89;  Cl  14.92.  C10H17O3N  •  HCl.  Calculated  %  N  5.94;  Cl  15.05. 

Hydrochloride  of  the  methyl  ester  of  allopseudoecgonine,  A  0,56-g  sample  of  the  picrate  of  the  methyl 
ester  of  allopseudoecgonine  with  m.p,  196-199*  (deformed  at  195*)  was  dissolved  with  cooling  (0  to  +2*)  in  5  ml 
of  dilute  (4:1)  hydrochloric  acid.  The  rest  of  the  process  was  as  described  for  the  isomeric  methyl  ester  of  allo¬ 
ecgonine,  Removal  of  the  chloroform  yielded  an  oily  substance.  The  yield  was  0,13  g  (49,9‘7f’).  A  solution  of 
0.13  g  of  the  methyl  ester  of  allopseudoecgonine  in  1  ml  of  absolute  methanol  was  neutralized  with  an  ether  so¬ 
lution  of  hydrogen  chloride  with  cooling  (0*),  The  yield  was  0,12  g  (78*7o).  The  m.p,  was  188-189,5*  (decomp.; 
deformed  at  186*)  (from  absolute  isopropyl  alcohol). 

Found  %  C  51.30;  H  7.63;  N  5.82;  Cl  14.4.  C10H17O3N  •  HCl.  Calculated  C  50.95;  H  7.69;  N  5.94; 

Cl  15.05. 

The  melting  point  of  a  mixture  of  the  hydrochlorides  of  the  methyl  esters  of  the  isomeric  eegonines  was 
depressed. 
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SUMMARY 


1,  The  hydrogenation  of  the  methyl  ester  of  tropan-3-one-2-carboxyllc  acid  to  the  methyl  ^steri  of  Uo- 
merlc  tropan-3-ol-2-carboxylic  acids  In  the  presence  of  Raney  nickel  was  studied. 

2,  It  was  shown  that  this  reduction  is  stereodirected  and  gives  3-hydroxy  axial  isomers:  the  methyl  ester 
of  alloecgonine  and  the  methyl  ester  of  allopseudoecgonine. 
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An  investigation  which  was  published  previously  by  one  of  us  and  Timofeeva  [1],  and  which  concerned  the 
dehydration  of  ethylenic  1,2, 5-triols  with  dilute  sulfuric  acid  showed  that  under  these  conditions  a  triol  molecule 
loses  one  molecule  of  water  at  the  expense  of  two  hydroxyl  groups.  The  residue  of  the  triol  molecule  is  cycllzed 
through  the  oxygen  atom  to  an  unsaturated  heterocyclic  alcohol. 


In  this  work  it  was  reported  that  the  dehydration  products  could  have  either  a  dlhydropyran  (A) or  a  dlhydro- 
furan  structure  (B)  (scheme  1), 
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Attempts  to  use  oxidation  with  potassium  permanganate  to  demonstrate  which  of  these  two  structures  should 
be  assigned  to  the  products  obtained  did  not  give  unequivocal  results,  though  they  Indicated  that  the  dIhydropy<* 
ran  structure  (A)  was  more  probable. 

The  present  work  was  undertaken  to  demonstrate  the  structure  of  these  products  unequivocally.  For  solv¬ 
ing  this  problem  we  decided  to  use  labeled  oxygen  •  On  being  mixed  with  heavy  water,  compounds  with  a 
carbonyl  oxygen  exchange  their  oxygen  comparatively  readily  for  the  oxygen  of  the  heavy  water  [2],  By  making 
use  of  this  we  obtained  the  ketones  with  0“  we  required ,  and  used  them  for  the  synthesis  of  acetylenic  glycerols 
by  the  method  developed  by  one  of  us  [3,4],  Depending  on  whether  the  condensation  was  carried  out  with  the 
carbonyl  oxygen  of  the  hydroxy  ketone,  or  the  hydroxyl  oxygen  of  the  labeled  acetylenic  carbinol,  the  final  trlols 
contained  labeled  oxygen  in  position  2  or  5.  Subsequent  hydrogenation  of  these  glycerols  [5J  yielded  the  required 
ethylenic  1,2,5-triols  with  labeled  oxygens. 

The  ethylenic  triols  thus  synthesized  were  dehydrated  with  potassium  bisulfate.  The  triol  molecule  first 
yielded  one  molecule  of  water  and  then  a  second.  In  each  case,  the  water  liberated  was  collected  separately, 
and  the  Isotopic  composition  determined.  This  made  it  possible  to  determine  accurately  the  hydroxyl  groups 
through  which  the  triol  was  dehydrated,  and  thus  establish  unequivocally  the  structure  of  Its  dehydration  products. 
However,  we  first  had  to  study  the  dehydration  of  trlols  with  potassium  bisulfate,  the  use  of  which  made  it  possible 
to  collect  the  water  thus  liberated;  sulfuric  acid,  which  was  used  previously  as  the  dehydrating  agent,  was  unsuit¬ 
able  in  this  case. 


The  data  obtained  are  given  in  Table  1.  They  show  that  the  dehydration  of  ethylenic  triols  with  potassium 
bisulfate  proceeds  in  the  same  direction  as  with  sulfuric  acid.  The  reaction  here  is  somewhat  complicated  by  the 
secondary  dehydration,  so  that  it  formed  not  only  the  product  from  the  elimination  of  one  water  molecule  from 
the  triol  (high-boiling  fraction),  but  also  the  product  of  further  dehydration  of  the  high-boiling  fraction  to  give  a 
low-boiling  fraction.  The  high-boiling  fraction  could  be  separated  readily  from  the  low-boiling  one  by  vacuum 
distillation,  and  subsequent  dehydration  of  it  with  potassium  bisulfate  made  it  possible  to  determine  the  position 
of  the  hydroxyl  remaining  in  the  molecule  after  the  first  dehydration  (sec  scheme  1), 


Table  1  shows  that  when  the  dehydration  was  carried  out  at  no  higher  than  130*,  even  with  1,5  moles  of  po¬ 
tassium  bisulfate  per  mole  of  triol  dehydrated,  there  was  almost  always  much  more  of  the  high-boiling  product 
than  of  the  low -boiling  one. 

Scheme  2 
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TABLE  1 

Results  of  Dehydrating  Ethylenlc  1,2,5-Trlols  by  Vacuum  Distillation  over  Potassium 
Bisulfate 


1 

Xi  V 

3  C  75  t>0 

Dehydration  product 
yield  (in  %  on 
triol  dehydrated) 

Anrit.  of  potassi 
sulfate  ukd  in 
per  mole  of  tri( 
dehydrated  (in 

Bath  temperatu 

high-boiliag 
fraction—  boil¬ 
ing  point (pres¬ 
sure  in  mm) 

low-boiling 
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ing  point 
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of  ethylenic  triol  dehydrated 
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TABLE  2 

Results  of  Determination  of  Content  of  Water  from  Various  Sources 


Sample  (in  g) 

TD 

C 

•o 

Expt.  No. 

Water  examined  and  its  source 

water 

potassium 

carbonate 

Ih 

u|  u 

■S  E 

o  3 

•  5 

Enrichment  c 
water  exami 
relative  to 
natural  wate 

1 

Water  containing  6.1*70  of  H20^* 

0.050 

0.048 

4.4 

5.96 

29.8 

2 

Distilled  natural  water  containing  0.29%  H20^® 

0.050 

0.042 

0.2 

0.20 

1.0 

3 

Water  isolated  during  dehydration  of  3,4,7-tri- 
methyloct-5-ene-3,4-diol-7-ol-0^®  (VI) 

0.045 

0.048 

0.41 

0.56 

2.8 

4 

Water  isolated  during  dehydration  of  high-boiling 
fraction  (b.p.,  73-75'  at  8  mm)  obtained  by 
dehydration  of  triol  (VI) 

0.045 

0.045 

0.2 

0.20 

1.0 

5 

Water  isolated  during  dehydration  of  5-methyl-2- 
(hydroxycyclopentyl)-hex-3-en-2-ol-0^®-5-ol 
(VIll) 

0.050 

0.031 

0.40 

0.50 

2.5 

6 

Water  isolated  during  dehydration  of  high-boiling 
fraction  (b.p.,  90-100’  at  8  mm)  obtained  by 
dehydration  of  triol  (VIll) 

0.045 

0.049 

1.1 

1.50 

7.5 

7 

Water  isolated  during  dcliydration  of  3,4,7-tri- 
mcthyloct-5-en-4-ol-0^®-3,5-diol  (Vll) 

0.050 

0.048 

0.23 

0.24 

1.2 

By  scheme  2  we  synthesized  two  triols  containing  O^®:  3,4,7-trimethyloct-5-ene-3,4-diol-7-ol-0**  (VI) 
and  5- methyl- 2-(l-hydroxycyclopcntyl)-hex-3-cn-2-ol-0^®-5-ol  (VIII), 

Triols  (VI),  (VII),  and  (VUI)  containing  labeled  oxygen  were  dehydrated,  and  the  water  thus  liberated  col¬ 
lected  and  assayed  for  isotopic  composition  on  a  mass  spectrograph.  The  assay  results  are  given  in  Table  2,  In 
the  first  two  experiments  of  this  table,  we  give  data  on  the  analysis  of  water  with  a  known  1120^  content,  which 
indicate  the  reliability  of  the  method.  In  experiment  3  we  give  theresults  of  analyzing  the  water  liberated  dur¬ 
ing  the  dehydration  of  triol  (VI).  The  water  was  found  to  be  enriched  by  a  factor  of  2,8  in  heavy  oxygen  as  com¬ 
pared  with  natural  water.  This  indicates  that  during  the  dehydration  of  trioi  (VI),  the  hydroxyl  was  eliminated 
from  position  5,  and  that  it  was  removed  during  the  liberation  of  the  first  molecule  of  water  from  the  triol  de¬ 
hydrated, as  further  dehydration  of  the  high- boiling  fraction  gave  water  that  was  quite  unenriched  in  heavy  oxy¬ 
gen  in  comparison  with  natural  water,  as  experiment  4  shows. 

If  triol  (VII)  (Table  2,  experiment  7)  or  triol  (VUI)  (experiment  5),  i.e,,  triols  containing  in  the  hy¬ 
droxyl  in  position  2,  was  hydrogenated,  then  the  first  molecule  of  water  liberated  was  either  almost  unenriched 
in  heavy  oxygen  (as  in  experiment  7)  or,  if  it  was  enriched  (as  in  experiment  5,. by  a  factor  of  2.5  in  comparison 
with  natural  water),  then  this  enrichment  was  due  to  the  fact  that,  simultaneous  with  the  dehydration  of  the 
triol,  there  was  also  partial  dehydration  of  the  high-boiling  fraction.  When  this  high-boiling  fraction  was  de¬ 
hydrated  separately  (Table  2,  experiment  6),  it  gave  water  which  was  enriched  in  heavy  oxygen  by  a  factor  of 
7,5  as  compared  with  natural  water. 

Thus,  the  hydroxyl  in  position  2  did  not  participate  in  the  formation  of  the  first  molecule  of  water  which 
was  eliminated  from  the  ethylenic  triol  dehydrated  resulting  in  cyclization  of  the  molecule;  the  hydroxyl  in  this 
position  passed  completely  into  the  high-boiling  fraction.  Dehydration  of  the  triol  occurred  at  the  expense  of 
the  hydroxyls  in  positions  1  and  5,  Consequently,  the  dehydration  products  of  the  triols  investigated  were  sub¬ 
stituted  dihydropyranols,  which  confirms  the  previous  hypothesis  [1]  that  the  dehydration  occurs  in  such  a  way 
that  the  eliminated  water  molecule  is  derived  from  hydroxyl  5  and  hydroxyl  hydrogen  1  of  positions  1  and  5,  re¬ 
spectively. 
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As  we  showed  In  the  present  work,  the  substituted  dihydropyranols  may  be  dehydrated  to  unsaturated  hetero¬ 
cyclic  compounds  with  two  double  bonds,  one  of  which  is  in  the  nucleus  and  the  other  is  semicyclic  (see  scheme  1). 
However,  there  is  the  possibility  that  the  latter  may  migrate  into  the  nucleus  to  give  a  substituted  pyran  and, 
therefore,  we  can  say  nothing  definite  as  yet  on  the  structure  of  the  dehydration  products  of  the  substituted  dihy¬ 
dropyranols. 


EXPERIMENTAL 

Analysis  of  water  for  O*.  As  water  cannot  be  analyzed  directly  on  a  mass  spectrograph  [2j,  it  was  necessary 
to  transfer  the  oxygen  from  the  water  to  CO2.  None  of  the  procedures  described  in  the  literature  were  suitable  for 
our  case.  The  point  was  that  we  had  a  small  amount  of  water  (0,l-0.2  g),  which  also  contained  organic  impuri¬ 
ties,  introduced  as  a  result  of  the  dehydration,  A  micromethod  based  on  isotopic  equilibration  of  the  water  sample 
with  K2COJ  was  therefore  developed.*  This  method  prevented  the  introduction  of  impurities  into  the  mass  spectro¬ 
graph.  The  procedure  was  as  follows:  The  sample  of  water  examined,  in  which  was  dissolved  a  definite  amount 
of  potassium  carbonate,  was  placed  in  a  small  vessel  (15-20  ml  in  volume)  with  a  finger  3  mm  in  diameter  and 
20  mm  long  at  the  bottom  (see  figure).  The  finger  was  heated  on  a  boiling  water  bath  for  20  min.  The  follow¬ 
ing  exchange  reaction  occurred  in  the  solution: 


.to  gas  trap 
or  pump 


45--  ground -glass 
^  1  joint 


lIzOJB-f  K2CO3  =  MjO  +  KaCOjis. 


Rapid  evaporation  was  prevented  by  closing  the  finger  with  a  cork.  When 
isotopic  equilibrium  had  been  established  in  the  mixture,  the  cork  was  removed, 
pieces  of  pumice  and  earthenware  were  placed  in  the  finger,  and  the  water 
evaporated  by  heating.  The  potassium  carbonate  remaining  in  the  finger  was 
heated  in  vacuum  for  15  min  to  remove  ether  and  other  volatile  organic  impuri¬ 
ties,  Then  concentrated  sulfuric  acid  was  poured  into  the  vessel,  which  was  con¬ 
nected  to  a  previously  evacuated  gas  trap.  On  shaking,  the  sulfuric  acid  perco¬ 
lated  into  the  finger  and  decomposed  the  potassium  carbonate  according  to  the 
reaction 


KjCOa’S  +  H,S04  — >  K2SO4  +  II2O  +  COjW 


The  carbon  dioxide  liberated  was  frozen  out  in  the  gas  trap  with  liquid  nitrogen,  and  the  air  entering  from 
the  vessel  was  pumped  off.  The  carbon  dioxide  thus  collected  was  assayed  for  Isotopic  composition  on  an  MS-1 
mass  spectrograph,  which  showed  the  percentage  ratio  with  an  accuracy  of  up  to  O.l*^,*  • 

The  O*®  content  of  the  water  examined  was  calculated  by  the  equation 

g=g>  (0.99+"^) -0.2^.  (1) 

where  g^  is  the  percent  O*®  content  of  the  carbon  dioxide, ^  is  the  percent  O*®  content  of  the  water,  and  m  and  n 
are  the  relative  numbers  of  oxygen  atoms  participating  in  the  exchange  in  carbonate  and  water,  respectively. 


Preliminary  Study  of  Dehydration  of  Acetylenic  1,2,5-Triols  by  Potassium  Bisulfate 

1.  Dehydration  of  2,3,6-trimethyloct-4-cne-2,3,6-triol  (1)  (see  Table  l).  A  mixture  of  5,5  g  of  2,3,6- 
-trimethyloct-4-ene-2,3,6-triol  (b.p,  117-118*  at  2  mm),  3.4  g  of  potassium  bisulfate,  and  traces  of  hydroquin- 
one  was  placed  in  a  Favorskii  flask,  which  was  heated  to  110-120*  on  a  bath  of  Wood's  alloy.  The  dehydration 
products  distilled  at  8  mm.  These  were  dried  with  Na2S04  and  distilled.  Two  fractions  were  collected:  1st, 
b.p,  52-54*  (8  mm),  1,2  g;  and  2nd,  b.p,  70-72*  (8  mm),  2,4  g.  The  first  fraction  was  apparently  2,6,6-trimethyl 
-2-ethyl-5-methylenehydropyran  ,  the  product  of  further  dehydration  of  the  second  fraction. 


*  The  method  presented  below  was  developed  by  G.  I,  Llkhtenshteln, 

*  *  The  mass  spectrographic  determinations  were  carried  out  in  the  Institute  of  Chemical  Physics,  Academy  of 
Sciences,  USSR,  by  V,  I.  Gorshkov. 
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Investigation  of  1st  fraction, 

B,p,  52-54*  (8  mm),  d*®4  0.8717,  n*®D  1.4508,  MRp  51.24;  calc.  51.50. 

Found  %  C  79.56,  79.35;  H  10.60,10.70.  CuHuO.  Calculated  C  79.51;  H  10.38, 

No  hydroxyl  group  was  present.  The  reaction  for  a  carbonyl  group  with  2,4,-dinitrophenylhydrazlne  hydro¬ 
chloride  was  negative, 

A  solution  of  0.221  g  of  the  substance  In  18  ml  of  acetic  acid  was  hydrogenated  over  platinum  oxide 
(Adams  catalyst)  for  2  hr.  It  absorbed  74  ml  of  hydrogen  (calculated  for  2  moles  -  72  ml). 

The  second  fraction  (2.4  g)  with  b.p,  70-72*  (8  mm),  n*®D  1.4555  corresponded  to  2,5,6,6-tetramethyl-2- 
-ethyldlhydtopyran-5-ol,  described  by  one  of  us  and  Timofeeva  [1]. 

2,  Dehydration  of  18  g  of  the  same  trlol  (I)  at  130*  with  7  g  of  KHSO4  gave  one  fraction  (13.5  g)  with  b.p, 
72-74*  (8  mm),  n^®D  1.4556,  which  was  found  to  be  the  2,5,6,6-ietramethyl-2-ethyldihydropyran-5-ol  mentioned 
above, 

3,  Dehydration  of  2,5.6,6-tetramethyl-2-ethyldihydropyran-5-ol  (b.p.  72-74*  at  8  mm  and  n*®D  1.4556) 
with  7,5  g  of  KHSO4  at  170*  gave  a  product  which  almost  completely  corresponded  to  the  first  fraction  with  b.p, 
52-54*  (8  mm),  n^”D  1,4503  obtained  in  experiment  1. 

4,  Dehydration  of  3,4.7-trimethylnon-5-ene-3,4,7-trlol  (II).  A  mixture  of  12  g  of  (H)  (b.p,  126-128*  at 
2  mm)  with  7  g  of  KHSO4  was  heated  to  90*.  After  the  water  had  been  removed,  two  fractions  were  collected: 

1st,  b.p,  66-68*  (6  mm),  3.8  g;  and  2nd,  b.p,  89-91*  (8  mm),  2,8  g.  The  first  fraction  was  evidently  2,6-dlmethyl- 
-2,6-dlethyl-5-methylenedihydropyran,  the  dehydration  product  of  the  second  fraction. 

Investigation  of  1st  fraction. 

B.p.  66-68*  (C  mm),  d*®4  0.8729,  n^D  1.4556,  MRq  56.63;  calc.  56.12. 

Found  C  79.58,  79.92;  H  11.36,  11.34.  CjzHzoO.  Calculated  ^<yi  C  80.00;  H  11.11. 

Reactions  for  hydroxyl  and  carbonyl  groups  were  negative. 

In  the  hydrogenation  of  0.2420  g  of  this  fraction  In  18  ml  of  acetic  acid  over  platinum  oxide  (Adams 
catalyst),  77  ml  of  hydrogen  was  absorbed  in  2  hr  (calculated  for  2  mole  of  hydrogen  -  71  ml). 

The  second  fraction  (2,8  g)  with  b.p,  89-91*  (8,5  mm),  n*®D  1.4598  corresponded  to  5-mcthyl-2,6-dlspiro- 
cyclohexanedihydropyran-5-ol  [1], 

5,  Dehydration  of  2,4-di-(l-hydroxycyclohexyl>-but-3-en-2-ol  (III).  A  mixture  of  13.5  g  of  substance 
(m.p, 110-112*)  and  7.5  g  of  KIISO4  with  traces  of  hydroqulnone  was  heated  to  120*.  After  removal  of  the  water 
from  the  mixture  of  dehydration  products,  two  fractions  were  collected. 

The  first  fraction  (4  g)  was  evidently  2,6-dispirocyclohexane-5-methylenedihydropyran. 

B.p.  112-114*  (2  mm),  d*®4  0.9766,  n^^D  1.5076,  MRd  70.75;  calc.  70.20. 

Found  <70:  C  82.21,  82.08;  H  10.31,  10.42.  Ci6H240.  Calculated ‘7o:  C  82.75;  H  10.35. 

A  solution  of  0,349  g  of  this  substance  in  18  ml  of  acetic  acid  was  hydrogenated  over  platinum  oxide 
(Adams  catalyst)  for  2  hr.  It  absorbed  84  ml  of  hydrogen  (calculated  for  2  moles  of  hydrogen—  78  ml). 

The  second  fraction  (5  g)  with  b.p,  120-122*  (2  mm),  n^°D  1.5078  corresponded  to  5- methyl- 2,6-dispiro- 
cyclohexanedihydropyran- 5-0I  [1  ], 

6,  Dehydration  of  cis-5-methyl-2-(l-hydroxycyclohexyl)-hex-3-ene-2,5-diol(lV),  A  mixture  of  18,5  g 
of  the  substance  (m.p,  101-103*1  and  15  g  of  KHSO4  with  traces  of  hydroquinone  was  heated  to  130*.  Two  frac¬ 
tions  were  isolated. 

The  first  fraction  (8,5  g)  was  evidently  2,2-dimethyl-5-methylene-6-spirocyclohexanedihydropyran, 

B.p.  84-85*  (8  mm).  d“4  0.934,  n^^D  1.4804,  MR^  58.66;  calc.  58.54. 
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Found  %  C  81.12,  80.92;  H  10.61,  10.38,  CuHjoO.  Calculated  C  81.25;  H  10.51. 

Reactions  for  hydroxyl  and  carbonyl  groups  were  negative. 

In  the  hydrogenation  of  0.3030  g  of  this  fraction  in  12  ml  of  anhydrous  methanol  over  platinum  oxide,  44 
ml  of  hydrogen  was  absorbed  in  2  hr  (calculated  for  1  mole  of  hydrogen  -  41,5  ml). 

When  0.3105  g  of  the  substance  in  15  ml  of  acetic  acid  was  hydrogenated  over  platinum  oxide  for  1  hr, 

105  ml  of  hydrogen  was  absorbed  (calculated  for  2  moles  of  hydrogen  -  97  ml). 

The  second  fraction  (2.7  g)  with  b.p,  107-108*  (8  mm),  n*°D  1.4825  corresponded  to  2,2,5-trimethyl-8- 
-spirocyclohexanedihydropyran-5-ol  [1], 

7.  Dehydration  of  5-methyl-2-(l-hydroxycyclopentyl)-hex-3-ene-2,5-diol  (V),  A  mixture  of  18  g  of 
substance  (m.p.  129-130*)  and  10  g  of  KHSO4  with  traces  of  hydroquinone  was  heated  to  120*.  Two  fractions 
were  isolated:  1st,  b.p,  73-74*  (7.5  mm),  which  was  evidently  2,2-dimethyl-5-methylene-6-spltocyclopentane- 
dihydropyran;  and  2nd,  b.p,  99-100*  (8  mm). 

Investigation  of  1st  fraction. 

B.p.  73-74*  (7,5  mm),  d*°4  0.9299,  n^D  1.4795,  MRo  54.30;  calc.  53.99. 

Found  %  C  80.58,  80.73;  H  10.10,  10.02.  C^HuO.  Calculated  %  C  80.89;  H  10,11. 

Reactions  for  carbonyl  and  hydroxyl  groups  were  negative. 

In  the  hydrogenation  of  0,330  g  of  this  substance  in  18  ml  of  acetic  acid  over  platinum  oxide,  105  ml  of 
hydrogen  was  absorbed  in  30  min  (calculated  for  2  moles  -  86  ml). 

The  second  fraction,  with  b.p,  99-100*  (8  mm),  n*°D  1,4826,  corresponded  to  2,2,5-trimethyl-6-spirocyclo- 
pentancdihydropyran-5-ol  [1], 


3,4,7-Trimcthy  1  o  c  t- 5  -  ene  -  3 , 4  ,  -  diol  -  7  -  ol  -  (VI) 

Preparation  of  acetone  containing  A  mixture  of  21  g  of  anhydrous  acetone  and  6  g  of  HjO  containing 
e.l^o  of  with  a  small  amount  of  sulfuric  acid  was  kept  at  20*  for  850  hr.  The  mixture  was  then  distilled,  and 
the  acetone  fraction  dried  with  calcium  chloride  and  redistilled.  To  the  labeled  product  obtained  was  added 
28  g  of  anhydrous  acetone.  The  acetone  prepared  in  this  way  was  used  to  synthesize  3,4,7-trimethyloct-5-yne- 
-3,4-diol-7-ol-0^®  with  b.p,  117-119*.  Hydrogenation  of  this  triol  over  palladium  on  chalk  yielded  3,4,7-tri- 
methyloct-5-ene-3,4-diol-7-ol-o“  (VI)  [4,5], 

Dehydration  of  3,4,7-trimethyloct-5-enc-3,4-diol-7-ol-0^®.  A  mixture  of  19  g  of  3,4,7-trimethyloct-5- 
-ene-3,4-diol-7-ol-0^®  and  6,5  g  of  potassium  bisulfate  with  traces  of  hydroquinone  was  heated  until  rapid  evo¬ 
lution  of  water  from  the  reaction  mixture  began  (130*),  The  water  was  collected,  washed  several  times  with 
ether,  and  sealed  in  an  ampoule  for  mass  spectrographic  analysis. 

In  0,045  g  of  this  water  was  dissolved  0,048  g  of  potassium  carbonate.  The  latter,  after  isotopic  exchange, 
was  treated  as  described  to  give  a  mixture  of  c“02  and  C^®02,  which  was  analyzed  on  a  mass  spectrograph  and 
shown  to  contain  0,4l7oof  O^®,  The  content  of  the  water  was  calculated  (Table  2, experiment  3), 

If,  in  Eq.  (1),  jrn  is  replaced  by  the  weight  of  potassium  carbonate  b ,  divided  by  its  molecular  weight,  and 
n  is  replaced  by  the  weight  of  water  a  divided  by  the  molecular  weight  of  water,  Eq,  (1)  assumes  the  following 
form: 


g=g'  (0.09+39  Aj  _  0.08  A  ,  (2) 

where  g^  is  the  percent  content  of  the  CO2  and  jg  is  the  percent  0“  content  of  HjO, 

The  0“  content  of  the  water  examined  in  the  given  experiment  (experiment  3),  calculated  by  this  formula, 
was  found  to  equal  0,56*70, 

The  dehydration  products  were  vacuum  distilled  to  give  two  fractions:  1st,  b.p,  52-54*  (8  mm),  n*®D  1,4505, 
3  g,which  was  the  product  of  the  elimination  of  two  water  molecules;  2nd, with  b.p,  73-75*  (8  mm),  n*°D  1.4556, 

13  g,  which  was  the  product  of  the  elimination  of  one  water  molecule  from  the  original  triol. 
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Dehydration  of  the  second  fraction  with  b.p,  73-75*  (3  mm).  A  mixture  of  13  g  of  the  substance  and  7  g 
of  potassium  bisulfate  with  traces  of  hydroquinonc  was  heated  to  170-180*.  At  this  temperature  tho  reaction 
products  distilled  together  with  the  water,  forming  anijmulsion.  The  latter  was  centrifuged  and  the  aqueous 
layer  separated,  washed  with  ether,  and  distilled.  The  purified  water  was  sealed  in  an  ampoule  for  analysis  for 

o“. 

In  0,045  g  of  this  water  was  dissolved  0.045  g  of  potassium  carbonate.  The  content  of  the  COa  liberated 
from  the  potassium  carbonate,  which  was  determined  with  a  mass  spectrograph,  was  0,27o,  and  the  content  of 
the  water,  calculated  from  Eq,  (2),  was  0.2‘7<j.  Thus,  the  high- boiling  fraction, which  was  the  product  from  the 
elimination  of  one  water  molecule  from  the  triol,  lacked  a  hydroxyl  containing  O^, 

The  layer  of  reaction  products  was  diluted  with  ether,  dried  with  potassium  carbonate,  and  distilled.  It 
was  largely  a  fraction  with  b.p.  52-54*  (8  mm),  n^^D  1.4505. 

3,4,7-  Trimethy  loot-  5-ene-3 ,7-dio  1  ol-O^*  (VII) 

Methylethylacetyl-0^’’-carbinol  was  prepared  by  treating  methylethylacetylcarbinol  (b.p.  148-150*,  n*°D 
1.4220)  with  4,5  g  of  water  containing  6.1%  of  O*®  and  a  small  amount  of  sulfuric  acid.  The  mixture  was  shaken 
at  20*  for  150  hr.  The  water  was  then  removed  by  distillation,  and  the  methylethylacetylcarbinol  dried  over 
baked  Na2S04  and  distilled.  We  collected  a  fraction  with  b.p.  147-149*,  n^°D  1,4222.  To  the  product  obtained 
was  added  15  g  of  unlabeled  methylethylacetylcarbinol.  . 

3,4,7-Trimethyloct-5-yne-3,7-diol-4-ol-0^®  was  synthesized  according  to  the  same  scheme  as  in  [4],  The 
substance  obtained  boiled  at  130-132“  (3  mm).  Hydrogenation  of  this  substance  in  methanol  over  palladium  on 
chalk  yielded  3,4,7-trimethyloct-5-ene-3,4,7-triol  (VII)  with  b.p,  127-129*  (3  mm). 

Dehydration  of  3,4,7-trimethyloct-5-ene-3,7-diol-4-ol-0^*  (VII),  A  mixture  of  18  g  of  the  substance,  7  g 
of  KHSO4,  and  a  small  amount  of  hydroquinonc  was  heated  to  130*.  Water  distilled  at  this  temperature,  and  it 
was  washed  with  ether,  distilled,  and  sealed  in  an  ampoule. 

In  0,05  g  of  the  water  isolated  was  dissolved  0,048  g  of  potassium  carbonate.  After  the  isotopic  exchange, 
the  potassium  carbonate  was  treated  as  described  above,  and  the  COj  liberated  during  decomposition  V'/as  found 
to  contain  0,23%  of  O*®,  The  calculated  O*®  content  of  the  water  examined  was  0,24%  (Table  2,  experiment  7), 
Consequently,  the  labeled  hydroxyl  of  the  given  triol  sample,  wliich  was  in  position  2,  was  not  involved  in  the 
elimination  of  the  first  water  molecule. 

The  reaction  products  were  diluted  with  ether,  dried  with  potassium  carbonate,  and  distilled.  Two  frac¬ 
tions  were  collected:  1st,  b.p.  52-54*  (8  mm),  the  product  of  elimination  of  two  water  molecules  from  the  triol, 
yield  1,1  g;  2nd,  b.p,  72-74*  (8  mm),  n^®D  1,4556,  the  product  of  elimination  of  one  water  molecule  from  the 
triol  (not  weighed  or  dehydrated  further). 

5-  Methyl-  2- (1-  hj^droxycyclo  pen  tyl)-hex-3-en-2-ol-0*®-5-ol  (VIII) 

1-Acetylcyclopcntanol  containing  O^®  in  the  carbonyl  was  obtained  by  treating  29  g  of  acetylcyclopentanol 
with  5.8  g  of  6.1%  HjO^  in  the  presence  of  0,05  g  of  KOH  in  a  thermostat  at  70*.  Healing  v/as  stopped  after  2  hr 
due  to  appreciable  tar  formation,  and  the  flask  with  the  mixture  was  kept  at  20*  for  a  further  40  hr.  The  acetyl¬ 
cyclopentanol  containing  labeled  oxygen  in  the  carbonyl  was  separated  from  the  water,  dried  over  Na2S04,  and 
distilled.  It  was  diluted  1,5-fold  with  unlabeled  hydroxy  ketone  and  used  for  synthesis. 

5- Methyl- 2-(l-hydroxycyclopentyl)-hex-3-yti-2-ol-0^-5-ol  was  synthesized  as  previously.  We  obtained 
a  fraction  with  b.p,  151-153*  (3  mm),  corresponding  to  a  tertiary  irihydric  acetylenic  alcohol.  Hydrogenation 
over  palladium  in  methanol  yielded  5-methyl-2-(l-hydroxycyclopentyl)-hex-3-en-2-ol-0^-5-ol  with  b.p, 
150-152*  (3  mm). 

Dehydration  of  5-methyl-2-(l-hydroxycyclopentyl)-hcx-3-en-2-ol-0*®-5-ol.  A  mixttire  of  20  g  of  triol, 

10  g  of  KHSO4,  and  traces  of  hydroquinone  was  heated  to  120*.  The  water  was  separated  and  analyzed. 

In  0,05  g  of  the  water  isolated  was  dissolved  0,031  g  of  potassium  carbonate.  After  isotopic  exchange,  the 
potassium  carbonate  was  isolated  and  decomposed  with  sulfuric  acid.  The  CO2  liberated  contained  0,4%  of  O^, 
The  0“  content  of  the  water  examined,  calculated  from  Eq,  (2),  was  0,50% (Table  2,  experiment  5), 
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The  distilled  dehydration  products  were  dried  with  potassium  carbonate  and  distilled  to  give  two  fractions: 

2nd,  b4),  99-100*  (8  mm),  n*°D  1,4826,  12  g,  and  the  1st  b.p.  73-74*  ( 7,5  mm),  3,5  g,  the  dehydration  products 
of  the  2nd  fraction,  2,2-dimethyl- 5- methylene- 5-spirocyclopentanedihydropyran, 

The  second  fraction  corresponded  in  properties  to  the  substituted  dihydropyranol  obtained  previously  and 
described  in  the  literature. 

Dehydration  of  second  fraction  with  b.p,  99-100*  (8  mm),  A  mixture  of  12  g  of  substance,  10  g  of  KHSO4, 
and  traces  of  hydroquinone  was  heated  to  180*.  The  dehydration  products  distilled,  and  together  with  the  water 
liberated  they  formed  an  emulsion.  The  latter  was  centrifuged  and  the  aqueous  layer  washed  with  ether  and  dis¬ 
tilled,  The  layer  of  reaction  products  was  diluted  with  ether,  dried  with  potassium  carbonate,  and  distilled.  It 
was  mainly  a  fraction  with  b.p,  73-74*  (7,5  mm),  n^^D  1,4797  (i.e.,it  corresponded  to  the  first  fraction). 

The  water  liberated  was  collected  and  analyzed.  In  0,045  g  of  this  water  was  dissolved  0,049  g  of  potas¬ 
sium  carbonate.  After  isotopic  exchange,  the  latter  was  isolated  and  decomposed  with  sulfuric  acid  and  by  mast 
spectrographic  analysis  the  CO^  liberated  was  found  to  contain  of  0“,  The  o“  content  of  the  water  examined, 
calculated  from  Eq.  (2),  was  1.5*70. 

Thus,  the  labeled  hydroxyl  of  the  triol,  lying  in  position  2,  was  completely  retained  in  the  products  of  the 
first  dehydration  of  the  triol,  i.e.,  the  high-boiling  fraction,  further  dehydration  of  which  yielded  water  with 
labeled  oxygen. 

Check  of  procedure  for  determining  content  of  water.  A  0.05-g  sample  of  water  containing  6,1*70  of 
IhO^  was  allowed  to  exchange  with  0.048  g  of  K2CO3,  Mass  spectrographic  analysis  showed  that  the  carbon  di¬ 
oxide  obtained  by  decomposition  of  this  sample  of  potassium  carbonate  contained  4,4*70  01  O^*  which,  according 
to  Eq.  (2),  corresponds  to  5.9*7o  of  in  the  water  examined  (Table  2,  experiment  1), 

A  0.05-g  sample  of  distilled  natural  water  was  allowed  to  exchange  with  0,04  g  of  KjCOj.  The  content 
of  the  carbon  dioxide  obtained  by  decomposition  of  the  potassium  carbonate  was  O,2*7o,  which  corresponds  to  the 
natural  ratio  of  in  the  water  examined  (Table  2,  experiment  2), 

SUMMARY 

1,  Some  acetylenic  and  ethylenic  1,2,5-trIols  with  O**  in  the  hydroxyl  in  position  2  or  5  were  prepared, 

2,  The  stepwise  dehydration  of  the  triols  obtained  by  potassium  bisulfate  was  studied. 

3,  We  unequivocally  confirmed  the  previous  conclusion  that  the  dehydration  products  of  ethylenic  glycer¬ 
ols  are  substituted  dihydropyranols. 
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The  cyclization  of  pseudoionone  and  some  of  its  analogs  to  a-  and  B-ionones  has  been  the  subject  of  a 
considerable  number  of  investigations  [1-9],  as  a  result  o(  which  it  has  been  found  that  the  cyclization  of  pseudo- 
ionones  takes  place  under  the  influence  of  various  acids.  The  ratio  of  the  cl-  and  fl  -Isomers  formed  depends 
mainly  on  the  nature  of  the  cyclizing  acid.  At  the  present  time  it  has  been  established  that  gaseous  BF3,  60*70 
H2SO4,  and  H3PO4  are  specific  agents  for  the  cyclization  of  pseudoionone  to  ot-ionone,  but  the  reaction  of  pseudo¬ 
ionone  with  concentrated  sulfuric  acid  leads  to  the  formation  of  almost  pure  B-ionone,  It  has  been  shown  re¬ 
cently  that,  regardless  of  the  nature  of  the  cyclizing  agent,  the  initial  and  principal  product  of  the  cyclization 
of  pseudoionone  is  a-ionone,  which  may  be  further  isomerized  to  B-lononc  [10],  depending  on  the  reaction  con¬ 
ditions  and  the  nature  of  the  cyclizing  agents. 

In  the  present  work  we  investigated  the  cyclization  of  some  analogs  of  pseudoionone  with  various  gem- 
substituents  in  position  1,  which  we  had  prepared  previously  [11], 


(0  (n)  (111) 


R=H,n,CjH5  iso  -  C3H7 ,  tert  -c,Hj 

For  our  study  of  the  cyclization  of  all  the  analogs  of  pseudoionone  we  chose  two  standard  methods  of  cy¬ 
clization,  In  the  first  method  the  cyclization  was  accomplished  with  the  aid  of  boron  trifluoride  at  —5*  in  benz¬ 
ene  solution.  As  has  been  indicated  above,  pseudoionone  is  cyclized  by  this  method  to  a-ionone.  In  the  second 
method  the  analogs  of  pseudoionone  were  cyclized  by  the  action  of  a  mixture  of  concentrated  sulfuric  and  acetic 
acids  at  10-15*,  This  method  ordinarily  is  used  for  the  preparation  of  the  purest  possible  6-ionone,  The  cycliza¬ 
tion  products  after  appropriate  treatment  (as  described  below)  and  distillation  were  analyzed  by  means  of  their 
ultraviolet  absorption  spectra.  The  amount  of  thea-  and  B -forms  was  evaluated  from  the  intensity  of  the  char¬ 
acteristic  absorption  bands;  at  226-229  mp  for  the  a-form  and  195-197  mp  for  the  B-form  [12],  Furthermore, 
the  individual  a  -  and  fl -isomers  were  characterized  by  the  2,4-dinitrophcnylhydtazones  and  their  ultraviolet  ab¬ 
sorption  spectra.  The  results  obtained  are  presented  in  Tables  1  and  2,  from  which  it  can  be  seen  that  the  com¬ 
pounds  having  hydrogen  (I,  R  =  H)  and  chlorine  (I,  R  =  Cl)  as  substituents  on  carbon  atom  1  were  not  cyclized 
under  the  chosen  conditions. 

In  an  attempt  at  cyclization  with  the  aid  of  BF3,  these  compounds  were  recovered  from  the  reaction  un¬ 
changed,  but  the  action  of  sulfuric  acid  on  them  resulted  in  their  complete resinification.  The  failure  of  the 
above-mentioned  compounds  to  cyclize  can  be  explained  if  we  start  with  the  idea  of  an  ionic  mechanism  of  cy¬ 
clization  of  pseudoionone  [3],  according  to  which  the  pseudoionone  molecule  adds  a  proton  of  the  acid  (the  cy¬ 
clizing  agent)  to  form  a  tertiary  carbonium  ion,  which  exists  in  the  form  of  an  ion  pair  with  the  anion  of  the  cy¬ 
clizing  acid: 
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The  compounds  (I,  R  =  H  and  Cl)  are  not  cyclized  because  In  this  case  the  formation  of  carbonium  lorn 
probably  is  less  advantageous  (requires  a  greater  energy  of  activation). 


Similar  cases  have  been  noted  in  the  literature  [9]  in  a  study  of  the  cyclization  of  geranic  acids  (a,  b),  and 
also  of  some  analogs  of  pseudoionone  (c,  d)  and  lavandulol  (e,  f). 


a  b  .c  d 


CII2OII  CH2OII 
e  f 


The  compounds  depicted  above  proved  to  be  incapable  of  cyclization. 

From  Table  1  it  is  seen  that  the  rest  of  the  analogs  of  pseudoionone  (I,  R  =  C2H5,  iso-CsHi,  tert-C4H9)  were 
cyclized  with  the  aid  of  DF3  presominantly  to  the  a -form  (intense  absorption  band  at  229  mp  ),  although  a  small 
amount  of  the  3 -form  also  was  present  (small  band  at  295-297  mp ).  The  pure  ot-forms  were  isolated  as  the  2,4- 
dinitrophenylhydrazones,  and  are  shown  in  Table  1. 

Cyclization  of  the  analogs  of  pseudoionone  (1,  R  “  C2H5,  ISO-C3H7,  tett-C4H9)  with  a  mixture  of  concentrated 
sulfuric  and  acetic  acids  (Table  2)  did  not  lead  solely  to  the  6  -form.  The  cyclization  product  contained  a  con¬ 
siderable  amount  of  the  a -isomer  (intense  absorption  bands  at  295  and  at  226  mp ).  The  pure  6-ionones  were 
Isolated  as  the  2,4-dlnltrophcnylhydrazones,  shown  in  Table  2. 

In  this  investigation  we  also  studied  the  cyclization  of  some  analogs  of  cltral  that  we  had  prepared  pre¬ 
viously  [13],  The  cyclization  was  accomplished  by  the  action  of  sulfuric  acid  on  the  Schiff  bases  of  the  analogs 
of  citral  by  a  method  usually  employed  for  the  cyclization  of  natural  citral  [14], 


(IV)  (V)  (VI)  (VII) 


K=H.  Cl.  c,H„  tert  -C.H, 

Analog  IV  of  citral  (R  =  H)  and  the  pseudoionone  corresponding  to  it  (I,  R  =  H)  proved  to  be  incapable  of 
cyclization  because  of  the  reasons  discussed  above.  When  sulfuric  acid  acted  on  the  Schiff  base  of  the  chlorine- 
containing  analog  (V,  R  =  Cl),  splitting  out  of  hydrogen  chloride  occurred  and  apparently  the  reaction  resulted  in 
the  formation  of  a  cyclic  product  with  b.p.  102-104*  (15  mm),  n^®D  1,5320,  2,4-dinitrophenylhydrazone  with 
m.p.  233-234*,  A  395  mp  ,  We  did  not  establish  finally  the  structure  of  this  product.  The  Schiff  bases  of  the 
analogs  of  citral  (V,  R=  C2H5  and  tcrt-C4Hg)  were  cyclized  by  sulfuric  acid,  like  natural  citral,  to  a  mixture  of 
isomeric  cyclocitrals  in  a  ratio  of  a-  to  fl -isomer  of  approximately  3:1,  as  was  established  by  the  isolation  of 
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TABLE  3 

Cycllzation  of  Analogs  of  Citral 


n 

Boiling 
point 
^pressure 
in  mm) 

Yield  (in  %) 

a -form  (VI)  | 

0-form  (Vn) 

Melting 

point 

"x  rt 
**•  E 

1  .5 

Found 

• 

0 

(4 

U 

1  # 

Melting 

point 

S| 

E 

^  S 

Found 

N  calc. 

C2M5 

100-117° 

1.486S 

41 

142° 

361 

15.88, 

16.20 

129- 

385 

16.29, 

16.20 

(12) 

16.29 

1 29.5° 

16.22 

tert  C^Hg 

58- SO 

1.4830 

32 

157- 

367 

15.34, 

14.98 

171- 

388 

15.21, 

14.98 

(0.5) 

158 

15.55 

171.5 

15.15 

11 

Cl 


Reacted  with  evolution  of  HCl 


the  individual  a-  and  6 -isomers  in  the  form  of  their  2,4-dinltrophenylhydrazones  and  a  study  of  their  ultraviolet 
absorption  spectra. 

The  2,4-dinitrophenylhydrazones  of  the  analogs  of  0  -cyclocitral  have  a  characteristic  absorption  band  at 
385-388  m(i  [12],  while  the  2,4-dinltrophenylhydrazones  of  the  ct-cyclocitrals  have  an  absorption  band  at  361  to 
367  m/1  (Tabic  3).  The  mixtures  of  isomeric  a-  and  0 -cyclocitrals  (VI  and  vn,  R  =  C2H5  and  tcrt-C4H9)  obtained 
by  cycllzation  were  Isomcrlzed  by  heating  with  alcoholic  alkali  [15]  to  pure  0 -cyclocitrals  (VII,  R  =  C2H5  and 
tert-C^Ilg),  The  analogs  of  0 -cyclocitral  thus  obtained  had  a  characteristic  intense  absorption  band  at  249-250  mil 
[16J. 


EXPERIMENTAL 

Cj'clizatlon  of  analogs  of  pseudoiononc  under  the  influence  of  boron  trifluoride,  A  solution  of  10.3  g  of 

3.7- dimethyldodecatricn-3,7,9-one-ll  (I,  R  =  C2II5)  in  30  ml  of  dry  benzene  was  saturated  at  —5*  over  the  course 
of  20  minutes  with  gaseous  boron  trifluoride  until  there  was  an  Increase  in  weight  of  4,2  g.  The  reaction  mixture 
was  kept  for  1  hr  at  20*  and  for  30  min  at  28*,  after  which  it  was  poured  into  100  ml  of  an  8*70  solution  of  sodium 
hydroxide  with  external  cooling  and  stirring.  The  benzene  layer  was  separated  and  the  aqueous  layer  was  ex¬ 
tracted  twice  with  benzene.  The  combined  extract  was  washed  with  water,  dried  with  magnesium  sulfate,  and 
distilled  in  vacuum,  5.8  g  of  I’-methyl-ot-iononc  (II,  R  =  C2H5)  was  obtained  with  a  small  admixture  of  1*- 
-mcthyl-0 -ionone  (111,  R  =  C2H6)  in  the  form  of  a  slightly  yellowish  oil  with  an  odor  very  similar  to  that  of  a- 
-ionone  (Table  1).  The  cycllzation  of  the  other  analogs  of  pseudoiononc  given  in  Table  1  was  carried  out  in  a 
similar  manner, 

Cycllzation  of  analogs  of  pseudoiononc  under  the  influence  of  a  mixture  of  sulfuric  and  acetic  acids.  To 
a  mixture  of  46.5  g  of  glacial  acetic  acid  and  81.5  g  of  concentrated  sulfuric  acid  (d  1,84)  was  added  20.3  g  of 

3.7- dimethyldodecatrien-3,7,9-onc-ll  (I,  R  =  C2H5),  with  cooling  and  stirring  over  the  course  of  15  min  at  10 
to  15*.  Stirring  was  continued  at  15*  for  30  min  more,  after  which  the  reaction  mixture  was  poured,  with  vigor¬ 
ous  stirring,  into  a  mixture  of  1  liter  of  ice  water  and  20  ml  of  ether.  The  ether  layer  was  separated  and  the 
aqueous  layer  was  extracted  with  ether.  The  combined  ether  extracts  were  washed  v/ith  saturated  sodium  bicarb¬ 
onate  solution,  then  with  water,  and  dried  with  sodium  sulfate.  After  the  product  had  been  distilled  in  vacuum, 
10,9  g  of  l'-mcthyl-0  -ionone  (HI,  R  =  C2H5)  was  obtained  with  an  admixture  of  I’-methyl-a -ionone  (II,  R  = 

=  C2H6),  as  established  by  isolation  of  the  isomeric  2,4-dinitrophenylhydrazones  and  by  the  ultraviolet  absorption 
spectra  (Table  2).  The  cycllzation  of  the  other  analogs  of  pseudoionone  given  in  Table  2  also  was  carried  out  In 
a  similar  manner. 

Cycllzation  of  analogs  of  citral,  38,4  g  of  freshly  distilled  3,7,8 ,8-tetramethylnonadlen-2,6-al  (IV,  R  = 

=  tert-C^Mj)  in  30  ml  of  ether  was  added  in  small  portions  to  a  solution  of  18.6  g  of  aniline  in  20  ml  of  ether, 
and  the  mixture  was  left  to  stand  overnight  at  room  temperature.  The  water  that  had  separated  was  removed, 
and  the  ether  solution  of  the  Schiff  base  was  introduced,  over  a  period  of  30  min,  with  stirring,  into  a  mixture  of 


1494 


200  ml  of  concentrated  sulfuric  acid  and  10  g  of  Ice  that  had  been  cooled  tc  -15*,  after  which  stirring  was  con¬ 
tinued  for  an  hour  longer  at  the  same  temperature.  The  reaction  mixture  was  poured  onto  ice  (800-  g)  and  steam 
distilled.  The  distillate  was  saturated  with  sodium  chloride  and  extracted  with  ether.  The  ether  extract  was 
dried  with  magnesium  sulfate,  and  after  the  ether  had  been  distilled  off,  the  residue  was  distilled  in  vacuum. 

12.2  g  (3270)  of  a  mixture  of  isomeric  cyclocitrals  IVI  and  VII,  R  =  tert-C4H9)  was  obtained.  It  was  established 
by  crystallization  and  isolation  of  the  individual  2,4-dinitrophenylhydrazones  that  the  ratio  of  the  a -form  to  the 
6 -form  was  approximately  1:3  (Table  3).  The  cyclizatlon  of  the  other  analogs  of  citral  shown  in  Table  3  also 
was  carried  out  in  a  similar  manner. 

Isomerization  of  mixture  of  isomeric  ct  -  ^nd  8  -cyclocitrals  to  8 -cyclocitral.  7.5  g  of  the  mixture  of  cy¬ 
clocitrals  (VI  and  VII,  R  =  tert-C4H9)  obtained  in  the  preceding  experiment  was  added  during  a  period  of  an  hour, 
at  —5*,  to  300  ml  of  8*70  solution  of  potassium  hydroxide  in  80°lo  alcohol,  and  the  mixture  was  allowed  to  stand  for 
15  hr  in  a  refrigerator.  The  reaction  mass  was  poured  into  1  liter  of  cold  water  and  the  reaction  product  was  ex¬ 
tracted  with  ether.  The  ether  extract  was  washed  with  water  and  dried  with  sodium  sulfate.  After  distillation  In 
vacuum,  3.8  g  (50*70)  of  lMM-trimethyl-8 -cyclocitral  was  obtained. 

B.p.  53-55*  (0.03  mm).  n*'b  1.4898,  d*°4  0.9337,  MRq  60.70;  calc.  59,58.  248, 325  mh  , 

9250,  50.9. 

Found  °!(y.  C  80.43, 80.52;  H  11.23,  11.13.  CJ3H22O.  Calculated  C  80.35;  H  11.41. 
l*-Methyl-8 -cyclocitral  was  obtained  in  a  similar  manner  in  697o  yield, 

B.p.  75-77*  (2.5  mm),  n^^D  1.4929,  d^®4  0.9324,  MRp  51.82;  calc.  50.34.  250,  327  mfi ,  e  j^ax 

8350,  51.6. 

Found  *7o;  C  79.39,  79.35;  H  11.03,  11.08.  CnHigO.  Calculated  *70:  C  79.52;  H  10.84. 

SUMMA  RY 

The  cyclization  of  a  number  of  analogs  of  pseudoionone  and  citral  having  various  gem-substituents  on  the 
end  of  the  isoprenoid  chain  has  been  studied.  It  has  been  established  that  in  the  absence  of  even  one  alkyl  sub¬ 
stituent,  and  also  in  the  presence  of  an  electronegative  substituent  (Cl),  cyclization  to  ionones  (or  cyclocitrals) 
does  not  occur.  Pseudoionones  having  various  alkyl  gem-substituents  are  cyclized  under  the  influence  of  BF3  pre¬ 
dominantly  to  Of -ionones,  but  in  the  presence  of  concentrated  H2SO4  they  are  cyclized  to  a  mixture  of  ct-  and 
8  -  ionones. 

The  Schlff  bases  of  citrals  ate  cyclized  by  the  action  of  H2SO4  to  a  mixture  of  ct-  and  8 -cyclocitrals. 
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A,  E.  Favorskil  and  his  students  [1]  have  shown,  through  the  example  of  2,3-dimethylpentyne-4“dlol-2,3, 
that  unsaturated  a -glycols  in  the  presence  of  strong  sulfuric  acid  are  capable  of  plnacolin  rearrangement.  It  was 
of  interest  to  determine  how  the  analogous  a-glycol  of  the  ethylene  series  (2,3-dimethylpentene-4-dlol-2,3) 
would  behave  under  these  conditions  on  heating  with  dilute  sulfuric  acid. 

When  2,3-dimethylpcntene-4-diol-2,3  (I)  (b.p.  89-90*  at  15  mm)  was  heated  with  10*^0  H2SO4  at  60-70*. 
a  light  yellow  material  with  b.p.  107-110*  (4  mm)  separated  out  from  the  acid  solution.  This  material  had  the 
empirieal  formula  C7H12O,  gave  a  negative  reaction  for  hydroxyl,  decolorized  an  aqueous  solution  of  potassium 
permanganate  and  bromine  water,  and  gave  an  iodoform  test.  By  treatment  with  2,4-dlnltrophenylhydrazlne,  a 
2,4-dinitrophenylhydrazone  was  obtained  with  m.p,  85-87*. 

The  formation  of  an  unsaturated  ketone  can  be  explained  by  a  plnacolin  rearrangement  of  2,3-dlmethyl- 
pcntene-4-diol-2,3  in  the  presence  of  II2SO4, 

CH, 

I 

(•.1I3-C011-C011— C11--C1I2  —V  cn3-c-G-cn=cH2 

11  II  I 

CII3  CII3  O  CIls 

(I)  (ll) 

The  infrared  absorption  spectrum  of  compound  (II)  characterized  it  as  an  unsaturated  ketone.  An  absorption 
band  with  wave  number  1710  cm‘*  corresponded  to  the  frequency  of  the  valence  vibration  of  an  unconjugated 
carbonyl  group,  and  the  frequencies  924  and  962  cm"*  indicated  the  presence  in  the  compound  of  a  vinyl  group, 
-CH  =  CH2. 

The  2,3-dimethylpentene-4-diol-2,3,  which  has  not  been  described  in  the  literature,  was  prepared  by  hy¬ 
drogenation  of  the  corresponding  acetylenic  glycol  [1], 

Furthermore,  when  H2SO4  acted  on  the  ethylenlc  glycol,  a  product  with  b,p,  120-122*  (4  mm)  was  isolated, 
the  structure  of  which  we  were  not  able  to  demonstrate, 

EXPERIMENTAL 

1,  Synthesis  of  Starting  Materials 

Dimethylcthynylcarbinol.  23  g  of  metallic  sodium  was  introduced  into  a  flask  with  liquid  ammonia  over 
the  course  of  2  lir,  while  a  strong  current  of  acetylene  was  simultaneously  passed  through,  58  g  of  acetone  was 
added  dropwise  to  the  sodium  monoacctylide  that  was  obtained.  After  the  mixture  had  been  treated  with  ice  and 
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water,  60  g  of  dimethylethynylcarbinol  was  Isolated  with  b.p.  102-103",  which  is  in  agreement  with  the  data  in 
the  literature  [2], 

Dimethylacetylcarbinol  was  prepared  by  the  Kucherov  reaction.  In  a  flask  with  a  mechanical  stirrer  were 
placed  8  g  of  H2SO4,  125  ml  of  water,  and  2  g  of  mercuric  oxide,  and  the  mixture  was  heated  to  boiling.  While 
simultaneous  steam  distillation  was  carried  on,  105  g  of  dimethylethynylcarbinol  was  added.  The  hydroxyketone 
was  salted  out  from  the  distillate  with  potassium  carbonate  and  dried  with  potassium  carbonate.  B.p.  140-141* 

[3].  Yield  105g  (75<7o). 

Trimethylethynylethylene  glycol  ( 2,3-dimethylpentyne-4-dlol-2,3).  23  g  of  metallic  sodium  was  intro¬ 
duced  into  a  flask  with  liquid  ammonia,  with  a  strong  current  of  acetylene,  92  g  of  dimethylacetylcarbinol  (b.p, 
140-141")  was  added  dropwise  to  the  sodium  monoacetylide  that  was  obtained.  After  the  mixture  had  been  treated 
with  ice,  water,  and  ammonium  chloride,  the  material  was  extracted  with  ether.  After  drying  and  distillation, 

58  g  (50%)  of  the  glycol  was  obtained  with  b.p.  173-180",  d^®4  1.103,  n^^D  1.4638,  which  agrees  with  the  data  in 
the  literature  [1]. 

2,  2,3-Dimethylpentene-4-diol-2,3 

The  glycol  was  prepared  by  the  catalytic  hydrogenation  of  the  corresponding  a- glycol  of  the  acetylenic 
series  in  the  presence  of  colloidal  palladium  by  the  usual  method  [4],  18.1  g  of  2,3-dimethylpentyne-4-diol-2,3 
was  dissolved  in  50  ml  of  alcohol  in  the  presence  of  5  mg  of  colloidal  palladium.  In  45  min,  3487.8  ml  of  hydro¬ 
gen  (22*,  767  mm)  was  absorbed.  The  catalyst  was  filtered  out  and  the  alcohol  was  distilled  off.  The  remaining 
dark  brown,  oily  liquid  was  distilled  in  vacuum,  15  g  (82%)  of  2,3-dimcthylpentcne-4-diol-2,3  was  obtained  as 
a  light  yellow,  oily  liquid.  With  cone,  H2SO4  it  was  colored  orange.  It  had  a  slight  moldy  odor. 

B.p.  89-90*  (  15  mm),  n*®D  1.4600,  d*°4  0.9660,  MRq  36.72;  calc.  37.10. 

Found  %:  C  64.79;  H  10.64;  OH  34.00.  M  128.  C7II14O2.  Calculated  %;  C  64.61;  H  10.77;  OH  34.46. 

M  130. 

Action  of  sulfuric  acid  of  various  concentrations  on  2,3-dimethylpentene-4-diol-2,3.  a)  Action  of  30% 
sulfuric  acid.  When  the  a-glycol  was  heated  with  30%  H2SO4  for  2  hr  at  60-70",  marked  resinification  of  the  re¬ 
action  mixture  was  observed,  and  it  was  not  possible  to  isolate  the  individual  products, 

b)  Action  of  207<^alcoholk  sulfuric  ^cW  .  When  the  compound  in  question  was  treated  with  20%  alcoholic 
sulfuric  acid  at  89-90",  a  complex  mixture  of  reaction  products  was  obtained  and  also  70%  of  tar,  which  we  could 
not  separate, 

c)  Action  of  10%  sulfuric  acid  .  In  a  flask  with  a  mechanical  stirret  were  placed  43  g  of  the  ethylenic 
glycol  (b,j\  89-90"  at  15  mm)  and  300  ml  of  IQlo  H2SO4,  and  the  mixture  was  heated  for  4  hr  on  a  boiling  water 
bath.  In  20  min  the  solution  took  on  a  blue  color,  and  on  further  heating  it  became  dark  brown.  At  the  end  of 
the  reaction  the  acid  solution  was  extracted  with  ether.  The  ether  extract  was  washed  with  sodium  carbonate 
solution  and  water,  and  dried  with  sodium  sulfate.  After  the  first  distillation  in  vacuum  at  5  mm,  three  fractions 
were  obtained:  1st,  57-100",  2  g;  2nd,  100-120",  10  g;  3rd,  120-140",  15  g. 

When  the  2nd  and  3rd  fractions  were  redistilled,  three  fractions  were  separated;  1st,  70-107*  (4  mm), 

2.5  g;  2nd,  107-110*  (4  mm),  8  g;  3rd,  120-122*  (4  mm),  4  g.  There  was  40% of  residue  consisting  of  solid  tar. 

The  first  fraction  was  not  investigated  because  the  amount  was  so  small.  The  second  fraction  had  a  cam¬ 
phorlike  odor,  decolorized  an  aqueous  solution  of  potassium  permanganate,  showed  the  absence  of  hydroxyls  with 
Grignard  reagent  and  the  presence  of  a  carbonyl  group  with  2,4-dinitrophenylhydrazine,  and  gave  an  iodoform 
test, 

B.p.  107-110*  (4  mm),  n^^D  1.4921,  d*'’4  0.9270,  MR  34.65;  calc,  34,06. 

Found  %:  C  75.99,  H  10.05.  M  115.  C7H12O.  Calculated  %:  C  75.00;  H  10.71.  M  112. 

Infrared  spectrum;*  780  v.w.,  805  av.,  896  av.,  924  s,,  962  s.,  1005  v.w,,  1031  v.w,,  1243  v.w,,  1265  v.w,, 
1325  v.w,,  1373  s.,  1466  s.,  1650  w,,  1710  s.,  cm"^. 


*The  infrared  spectra  were  obtained  with  an  IKS-14  spectrophotometer  with  NaCl  and  LiF  prisms  and  a  layer 
0.01  mm  in  depth. 
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On  treatment  with  2,4-dlnitrophenyIhydrazine  a  bright  yellow  2,4-dlnitrophenylhydrazone  was  obtained 
with  m,p.  85-87*, 

Found  C  52.92;  h’5.81;  N  19.07,  18.58.  C0H16O4N4.  Calculated  °l<y.  C  53.42;  H  5.47;  N  19.07. 

According  to  its  properties  and  analytical  data,  compound  (n)  with  b.p,  107-110*  (4  mm)  was  a  ketone  of 
the  ethylenic  series,  3,3-dimethylpenten-4-one-2, 

The  third  fraction  with  b.p,  120-122*  (4  mm)  showed  the  absence  of  hydroxyls  with  Grignard  reagent  and 
of  carbonyl  with  2,4-dinltrophenylhydrazine,  decolorized  bromine  water  and  potassium  permanganate  solution, 
and  gave  a  negative  iodoform  test, 

B.p.  120-122*  (4  mm),  n”D  1.48  75,  d*°4  0.9910,  MRo  63.85;  calc.  63.49. 

Found  70:  C  75.11;  H  10.02.  M  220.  Calculated  %  C  75.00;  H  10.71.  M  224. 

On  the  basis  of  the  analytical  data,  it  can  be  assumed  that  the  compound  was  a  condensation  product  of 
two  molecules  of  the  glycol,  with  the  elimination  of  two  molecules  of  water.  The  structure  of  this  compound  was 
not  investigated. 

Hydrogenation  of  3,3-dimcthylpenten-4-one-2,  2  g  of  3,3-dlmethylpenten-4-one-2  was  dissolved  in  25 
ml  of  alcohol.  In  the  presence  of  colloidal  palladium,  400  ml  of  hydrogen  (18*,  761  mm)  was  absorbed  in  50 
min.  After  the  catalyst  had  been  separated  out  and  the  solvent  had  been  distilled  off,  a  light  yellow,  oily  ma¬ 
terial  was  isolated  with  b.p.  132-133*,  which  corresponded  to  3,3-dimethyl-pentan-4-one-2,  The  semicarbazone 
of  the  saturated  ketone  was  obtained  with  mjp.  137-138*  [5], 

Found  ‘To;  N  24.08.  CgHiTONj.  Calculated  %  N  24,54. 

Infrared  spectrum:  1060  w.,  1107  w,,  1162  w„  1231  v.w,,  1245  v.w,,  1323  v.w,,  1375  s„  1437  av.,  1692 
v.w,,  1704  V.S.,  cm"*. 


SUMMARY 

1.  An  a-glycol  of  the  ethylenic  scries,  2,3-dimethylpentene-4-diol-2,3,  which  has  not  been  described  in 
the  literature,  was  prepared, 

2.  It  has  been  shown  that  when  10*70  sulfuric  acid  acts  on  2,3-dimethyl-pentene-4-diol-2,3,  a  pinacolin 
rearrangement  of  the  glycol  takes  place  with  the  formation  of  3,3-dimethylpenten-4-one-2,  which  has  not  been 
described  in  the  literature. 
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The  values  of  the  hydrolysis  constants  of  dyes  of  the  malachite  green  group  depend  to  a  considerable  extent 
on  the  nature  and  the  position  of  the  substituent  X  present  in  the  phenyl  ring,  which  does  not  contain  a  dimethyl- 
amino  group  [1,2],  In  order  to  investigate  further  the  relationship  between  the  structure  and  the  acid- base  prop¬ 
erties  of  the  triphenylmethane  dyes,  we  considered  it  of  interest  to  trace  the  connection  between  the  nature  of  the 
substituent  X  and  the  value  of  the  basicity  constants  of  the  dirnethylamino  groups. 

It  Is  well  known  that  in  acid  media  the  singly  charged  cations  of  the  diaminotriphenylmethane  dyes  are 
practically  instantaneously  converted  to  the  more  highly  colored  doubly  charged  ions  [3],  This  conversion  can 
be  expressed  by  the  following  equation: 


♦  H - 


H 


TABLE  1 

Basicity  Constants  of  Dirnethylamino 
Groups  of  Dyes  of  the  Malachite  Green 
Group 


This  equilibrium  has  recently  been  studied  for  malachite  green  itself  [4],  An  investigation  that  we  carried 
out  of  acid  solutions  of  dyes  of  the  malachite  green  group,  in  which  the  substituents  X  are  in  the  meta-  and  para- 
positions  to  the  central  carbon  atom  showed  that  the  doubly  charged  cations  B  that  are  formed  from  these  dyes, 

like  the  doubly  charged  cations  of  malachite  green,  are  unstable 
and  gradually  disappear.  This  occurrence  is  characterized  by  a 
shift  of  the  above  equilibrium •  in  connection  with  which  the  con¬ 
centration  of  singly  charged  cations  in  the  solution  also  gradually 
decreases.  In  Fig.  1  the  values  of  the  optical  densities  are  given 
for  some  of  the  acid-buffered  dye  solutions  that  we  studied ,  at 
Xmax  characteristic  of  the  singly  charged  cations,  at  intervals  of 
4,  8,  12,  and  16  minutes  after  the  moment  of  preparation  of  the 
solutions.  The  doubly  charged  cations  B  have  practically  no  ab¬ 
sorbing  capacity  at  the  values  of  X  for  the  singly  charged  ca¬ 
tions  A . 

Extrapolating  these  values  to  time  t  =  0,  we  obtained  values 
for  the  optical  densities  (D,)  which  also  were  used  for  the  calcu¬ 
lation  of  the  basicity  constants  of  the  dirnethylamino  groups  in  the 
cations  of  the  dyes  of  the  malachite  green  group.  In  contrast  to 
the  above-described  solutions,  the  acid  solutions  of  the  dyes  of  the 
malachite  green  group  in  which  the  substituents  X  were  in  the  ortho¬ 
position  to  the  central  carbon  atom  did  not  change  in  color  in  the 
same  interval  of  time.  As  an  example,  the  corresponding  data  are 
given  for  several  dyes  in  Fig,  2, 


Expt, 

No. 

X 

Ko  .  10'* 

1 

f>N02 

4.0 

2 

^-N02 

5.0 

3 

JM-NO2  o-CIU 

7.9 

\ 

0-NO2 

1  10.0 

5 

o-CI 

7.9 

6 

JM-CI 

10.0 

7 

p-CI 

12.6 

8 

p-SOall 

15.8 

9 

H 

20.0,  23.0* 

1(1 

.M-CII3 

20.0 

11 

P-GHa 

20.0 

12 

r-Cll3 

31.6 

13 

0-VSO3II 

2.5.1 
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Relation  of  Optical  Density  and  pH  in  Solutions  of  Dyes 


1500 


Expt 


Time  in  min 

Fig,  1,  Change  of  optical  density  of  solu¬ 
tions  of  dyes  with  pH  1,1:  1)  picrate  of 
bis(p-dimethylaminophcnyl)-p-nitrophenyl 
carbinol;  2)  picrate  of  bis(p-dimethyl- 
a  minopheny  1 )-  m  -  nit  ropheny  Ic  arblnol ;  3 ) 
picrate  of  bis(p-dimethylaminophenyl)-p- 
-chlorophenylcarbinol. 


■^2 


0  5 


-of 


4 _ I _ I - 1_ 

•i  8  12  16 

Time  in  min 


Fig,  2,  Optical  density  of  solutions  of  dyes: 
1)  picrate  of  bis(p-dimethylamlnophenyl)- 
-o-nltrophenylcarbinol;  2)  picrate  of  bls(p- 
-dimethylamlnophenyl)-o-chlorophenyl- 
carbinol;  3)  picrate  of  bis(p-dimethylamino 
phenyl)-o-tolylcarbinol;  pH  of  solutions  1 
and  2:  1,1 ;  3:  1.48, 


D 


Fig,  3,  Absorption  spectra  of  solutions  of  o-sulfomala- 
chite  green  with  pH:  1)6,86;  2)1,81;  3)0,42;  4) 
0.19;  5)0.13. 


TABLE  3 

Optical  Density  of  Solutions  of 
o-Sulfomalachite  Green  and  Their  Ion 
Content 


pH 

D 

*70  of  ions 
contained 

6.T0 

HO 

(I) 

(H) 

6.86 

1  2'^ 

0.214 

100.0 

0 

1.81 

0.797 

0.298 

65.3 

34.7 

0.42 

0.10.5 

0.4.50 

8.6 

91.4 

0.19 

0.068 

0.458 

5.6 

94.4 

0.13 

0 

0.472 

0 

100.0 

Thus,  the  presence  of  a  substitutent  in  the  doubly  charged  cation  in  the  ortho -position  to  the  central  carbon 
atom  Imparts  stability  to  it  and  slows  down  or,  in  general, eliminates  further  conversion.  This  conclusion  is  con¬ 
firmed  also  by  data  obtained  in  a  study  of  the  spectral  characteristics  of  these  dyes.  Thus,  for  example,  in  Fig.  3 
the  absorption  spectra  are  given  for  solutions  of  o-sulfomalachite  green  of  different  pH. 

The  presence  in  Fig,  3  of  an  isobestic  point  shows  that,  in  the  solutions  investigated,  there  were  no  deriva¬ 
tives  of  o-sulfomalachite  green  other  than  the  ions  (I)  and  (II). 
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Having  in  mind  the  above-mentioned  stability  of  cations  of  type  B  which  contain  substituents  in  the  ortho¬ 
position  to  the  central  carbon  atom,  it  must  be  recognized  that  in  Instances  where  it  is  desired  to  employ  trlphenyl- 
methane  dyes  as  Indicators  for  the  characterization  of  acid  solutions,  it  is  necessary  to  use  not  malachite  green  it¬ 
self,  as  has  been  recommended  in  the  literature  [5J,  but  a  derivative  of  it  with  a  substituent  in  the  ortho- position. 

On  the  basis  of  the  data  given  in  the  experimental  section,  we  computed  the  basicity  constants  of  the  dl- 
methylamino  groups  in  a  series  of  dyes  of  the  malachite  green  group.  The  values  of  these  constants  are  given  in 
Table  1. 


Inspection  of  the  data  in  Table  1  shows  that  the  basicity  constants  of  the  dimethylamino  groups  in  dyes  of 
the  malachite  green  group  differ  from  one  another  comparatively  little.  However,  it  can  be  noted  that  electron- 
accepting  substituents,  in  contrast  to  electron-donor  substituents,  in  most  cases  decrease  the  basicity  of  the  di¬ 
methylamino  groups. 


EXPERIMENTAL 

The  plcrate  of  bis(p-dlmethylamlnophenyl)-o-nltrophenylcarblnol  was  prepared  In  a  manner  similar  to  the 
synthesis  of  the  picrate  of  bls(p-dimethylaminophenyl)-m-nitrophenylcarbinol  [6],  Turkish  blue  BB  was  used  in 
the  form  of  a  technical  sample.  All  of  the  rest  of  the  dyes  were  prepared  according  to  the  information  given  in 
the  literature. 

Determination  of  basicity  constants  of  amino  groups  in  cations  of  dyes  of  the  malachite  green  group.  To 
25.0  ml  of  buffer  solution  was  added  several  tenths  of  a  milliliter  of  a  solution  of  the  dye  in  acetone  (c  ~  10"’ 
mole/ liter).  The  optical  density  of  the  solution  was  measured  with  a  Koenig- Martens  spectrophotometer  at  18  — 
2*,  at  intervals  of  4,  8,  12,  and  16  min  after  preparation  of  the  solution;  the  values  obtained  in  this  way  are 
given  in  Table  2,  in  columns  4,  5,  6,  and  7,  In  column  1  are  given  the  names  of  the  compounds,  and  also  the 
number  of  milliliters  of  the  solution  added  to  the  buffer  solution,  the  thickness  of  the  layer  of  the  solutions  in¬ 
vestigated,  and  the  wavelength  at  which  the  optical  density  was  measured. 

The  basicity  constants  of  the  amino  groups  in  the  cations  of  the  dyes  were  calculated  by  formula  (1); 
pA:o=p/v„  — p//  -»  IgT^  ,  where  »  =  -7r^- 

*  max 

Do  characterizes  the  optical  density  of  the  equilibrium  system,  consisting  only  of  singly  charged  and  doubly 
charged  conjugated  carbonium  ions.  The  value  of  Dq  (see  column  8,  Table  2)  was  found  on  the  basis  of  the  data 
given  in  columns  4,  5,  6,  and  7  by  extrapolation  to  time  t  =  0,*  D^aj^  is  the  value  of  the  optical  density  of  the 
solution  in  which  the  triarylmethane  derivative  is  present  only  in  the  form  of  the  singly  charged  cation  of  the  dye, 
Dmax  determined  in  solutions  having  a  pH  from  3,8  to  4,2;  for  dye  13  the  value  was  determined 

in  solutions  with  pH  7,0. 

Absorption  spectra  of  solutions  of  o-sulfomalachitc  green.  To  25,0  ml  of  buffer  solution  was  added  2  ml 
of  a  solution  of  the  dye  in  acetone  (c  ~  10"’  mole/  liter).  Measurement  of  the  optical  density  was  carried  out  in 
a  cell  with  a  depth  of  layer  of  10  mm,  in  an  SF-4  spectrophotometer.  The  absorption  spectra  are  represented  in 
Fig.  3,  In  Table  3  the  values  are  given  for  the  optical  densities  of  solutions  of  different  pH  at  wavelengths  of 
630  and  410  mji ,  corresponding  to  the  absorption  maxima  of  o-sulfomalachite  green,  and  also  the  percentage  of 
ions  (I)  and  (U)  contained  in  these  solutions. 


•For  this  purpose  we  used  not  the  values  of  D  themselves,  but  their  logarithms. 
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SUMMARY 


1,  The  basicity  constants  of  the  dlmethylamlno  groups  in  dyes  of  the  malachite  green  group  differ  com¬ 
paratively  little  from  the  constant  of  the  dlmethylamlno  grotip  in  malachite  green  Itself,  which  Is  2  •  lO’**, 

2,  Derivatives  of  malachite  green  that  contain  substituents  In  the  ortho- position  to  the  central  carbon  atom 
are.  better  indicators  than  malachite  green  itself  because  the  solutions  of  these  dyes,  In  contrast  to  solutions  of 
malachite  green  and  its  derivatives  with  substituents  in  the  meta-  and  para-posltlons,  are  not  decolorized  In  the 
titration  process  in  acid  media. 
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In  previous  communications  it  has  been  shown  that  the  methyl  group  present  in  the  4  position  of  the  pyri¬ 
midine  ring  is  noticeably  activated  by  its  hetcro  atoms  [1],  Its  activity  is  decreased  if  electron-donor  substitu¬ 
ents  (NH2,  OH)  are  introduced  into  the  2  or  the  G  position.  The  activity  of  the  methyl  group  is  again  Increased 
(even  in  the  presence  of  the  substituents  mentioned,  in  the  2  or  6  position)  if  an  electron- acceptor  group  (NOi)ls 
introduced  into  the  5  position  or  the  carbon  in  position  5  is  replaced  by  nitrogens,  for  example,  2,6-dihydroxy-4- 
-methyl-S-triazine  [2]  because  of  its  active  methyl  group  being  able  to  enter  Into  the  azo^oupling  reaction. 


These  phenomena  are  explained  in  the  following  manner.  The  activity  of  the  methyl  group  (protonizatlon 
of  its  hydrogen  atoms)  increases  with  an  increase  in  the  positive  charges  (5''’)  on  the  carbon  atoms  In  positions  2, 
4,  and  6,  These  charges  are  increased  as  a  result  of  the  simultaneous  influence  of  the  hetero  atoms  and  the  nltro 
group  present  in  positions  1,3,  and  5,  for  example  (I),  and  on  the  other  hand,  they  are  decreased  under  the  In¬ 
fluence  of  electron -donor  substituents  present  in  the  2  and  6  positions,  for  example  (H), 


0  = 


iT) 

N  f- 

H-O-V  'Y'O-H 

0? 

C  -CH, 

Cn-h 

<5 

r> 

1 

r> 

X 

q: 

CHj 

CHj 

1 

R 

1 

R 

(1) 

UD 

(III) 

(IV) 

•Original  Russian  pagination.  See  C,B,  translation. 
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The  amino  group  has  a  higher  electron-donor  capacity  than  the  hydroxyl.  This  explains  the  Inability  of 
the  acetamide  and  acetanilide  (HI)  to  enter  Into  condensations  through  their  methyl  group,  while  derivatives  of 
acetic  acid  (IV)  enter  Into  these  reactions  (Perkin  and  Clalsen  condensations). 

For  the  same  reason,  dlaminomethyl-S-triazine  does  not  undergo  azo  coupling,  but  dihydroxymethyl- S- 
-trlazlne  does  [2], 

In  the  present  Investigation  we  studied  the  degree  of  activity  of  the  methyl  group  In  derivatives  of  4-methyl- 
-5-nltropyrlmldlne  (V),  in  which  the  electron- donor  groups  OH  and  NHj  were  present  in  2  and  6  positions.  For 
this  purpose  we  synthesized  compounds  having  the  structure  (V)  (a,  b,  c,  and  d),  and  also  Isomeric  aminochloro- 
methylpyrimidines  (V)  (e  and  f). 


11  1 

a:  u'  =  R"  on, 

d:  R'=  OH;  R"  =  Nir, 

b:  R'  =  R"=N!I,. 

e;  R'  =  Cl;  R"  =  Nil, 

o.nJ  ^ 

c:  R'  =  NH,:  11"  =  oil. 

f:  R'  =  NH,;  R''  =  C1. 

1 

CII3 

(V) 

All  of  these  compounds  were  subjected  to  the  action  ot  p-nitrodlazobenzene,and  their  ability  to  enter  Into 
azo  coupling  with  it  was  investigated.  The  reaction  was  carried  out  in  acetic  acid  medium  in  the  presence  of 
sodium  acetate.  In  the  first  three  instances  (Va,  b,  and  c)  azo  coupling  took  place.  The  azo  compounds  having 
the  structures  (Via,  b,  and  c)  were  formed. 


«  A 


0,N— 


(',11.- 

(VI) 


-N.-N- NOj 


a;  u'=:U"  =  on, 

b:  K'=u"=Nn,. 

c:  R'=  rm,;  ii''  =  on, 

d;  U' oil;  K"  =  Nil,. 


Only  the  2-amIno-r>-hydroxy-4-methyl-5-nitropyrimidlne(Vd)  was  incapable  of  entering  into  the  azo  coup' 
ling  reaction. 


The  different  activity  of  the  methyl  group  in  the  isomeric  compounds  (Vc)  and  (Vd  and  Ve)  Is  explained  by 
the  fact  that  the  2  and  6  positions  in  the  pyrimidine  ring  are  not  equivalent,  and  al.so  apparently  by  the  fact  that 
the  possibility  of  forming  an  intramolecular  hydrogen  bond  with  the  nitro  group  is  different  in  the  presence  of  the 
amino  group  (Vc)  and  of  the  hydroxyl  group  (Vd),  Compounds(Va,  Vb,  and  Vc)  enter  into  the  azo  coupling  re¬ 
action  with  different  degrees  of  case;  the  reaction  takes  place  most  easily  with  the  dihydroxy  derivative  (Va),  In 
this  case,  the  azo  compound  is  formed  at  room  temperature  in  good  yield  (TQ'To),  The  diamino  derivative  (Vb) 
reacted  with  the  most  difficulty;  To  carry  the  reaction  to  completion  it  was  necessary  to  heat  the  reaction  mix¬ 
ture;  the  yield  of  azo  product  was 


We  also  studied  the  capacity  for  azo  coupling  of  the  isomeric  chloroaminomethylnitropyrimidlnes  (Ve  and 
Vf),  It  appeared  that  both  of  these  compounds  react  very  easily  with  p-nitrodiazobenzenc.  The  reaction  takes 
place  both  in  acetic  .acid  medium  and  in  mineral  acids.  As  a  result  of  the  very  slight  electron-donor  capacity  of 
chlorine,  and  the  impossibility  of  its  reaction  with  the  neighboring  nitro  group  by  way  of  a  hydrogen  bond,  the 
methyl  groups  in  compounds  (Ve  and  Vf)  were  very  highly  active. 


N 


0,N-' 


o,nJ 


(’.Ho— N=N 


(VTd) 


^-NOa 

(VIC)^ 


In  the  azo  compounds  (Vie  and  Vlf)  that  were  obtained  the  chlorine  was  very  labile  and  could  be  easily 
replaced  by  a  hydroxyl  group.  This  reaction  took  place  especially  easily  in  compound  (Vie):  On  prolonged  stand¬ 
ing  (20  lu)  of  the  reaction  mixture  in  acetic  acid  solution  at  room  temperature,  complete  replacement  of  the 
chlorine  by  hydroxyl  took  place  and  the  azo  compound  (VId)  was  formed,  which  could  not  be  obtained  by  azo 
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coupling  of  compound  (Ve),  In  hydrochloric  acid  solution  the  hydrolysis  of  the  chlorine  and  Its  replacement  by 
the  hydroxyl  group  look  place  in  3-3.5  hr.  Replacement  of  the  chlorine  by  the  ethoxyl  group  took  place  in  a  very 
short  period  (5  min)  of  boiling  the  compound  (Vie)  in  anhydrous  alcohol.  To  identify  the  azo  compound  (VId) 
we  acctylated  it  by  boiling  it  with  acetic  anhydride.  The  acetylation  led  to  an  elevation  in  color  (from  red- 
brown  to  orange).  The  acctylated  derivative  obtained  crystallized  well  from  acetic  anhydride,  had  m.p,  292", 
and  agreed  in  analytical  data  with  2-acetamido-6-hydroxy-4-(p-nitrophenylazomethyl)-5-nltropyrlmldlne, 

In  the  azo  compound  (Vlf)  the  chlorine  was  somewhat  less  labile:  To  replace  it  by  the  ethoxyl  group  it  was 
necessary  to  boil  the  compound  for  a  longer  time  (35-40  min)  with  anhydrous  alcohol.  Replacement  of  the  chlo¬ 
rine  by  hydroxyl  also  took  place  considerably  more  slowly:  The  azo  coupling  product  of  compound  (Vf),  which 
was  filtered  off  from  the  reaction  solution  after  20  hr  standing  at  16-18*,  was  almost  pure  2-chloro-6-amino-4- 
-(p-nitrophenylazomethyl)-5-nitropyrlmidine  (Vlf),  a  dark  red  crystalline  compound  with  m.p,  290-295*  (decomp.). 
Not  less  than  48  hr  was  required  to  convert  compound  (Vlf)  under  these  conditions  almost  completely  to  the  above- 
described  compound  (Vic).  The  replacement  of  chlorine  by  hydroxyl  in  this  compound  (Vlf)  could  also  be  ac¬ 
complished  by  dissolving  it  in  concentrated  sulfuric  acid  and  subsequently  pouring  the  solution  onto  ice. 

The  azo  compound  (Vic)  obtained  by  hydrolysis  of  compound  (Vlf),  and  also  by  azo  coupling  of  compound 
(Vc),formed  an  orange-colored  monoacetyl  derivative  with  m.p,  267*  when  it  was  heated  with  acetic  anhydride. 
Upon  longer  heating  with  acetic  anhydride  this  compound  was  converted  to  the  light  yellow  diacetyl  derivative 
with  m.p.  220*  (from  acetic  anhydride).  In  this  case  also  the  introduction  of  acetyl  groups  was  accompanied  by 
an  elevation  in  color  (from  red  to  orange,  and  further  to  yellow).  We  should  suppose  that  in  the  dlacetyl  deriva¬ 
tive  the  two  acetyl  groups  replace  the  two  hydrogen  atoms  in  compound  (Vic)  in  the  amino  group  that  is  present 
in  position  6,  since  it  is  well  known  that  hydroxypyrlmidines  containing  hydroxyl  groups  in  the  even-numbered 
positions  of  the  hetcrocycle,  as  a  rule,  are  not  changed  on  heating  with  acetic  anhydride.  The  yellow  diacetyl 
derivative  easily  sp’it  out  one  acetyl  group:  On  heating  with  3%  aqueous  NaOH  solution  for  5  min  at  50*  it  was 
converted  to  an  orange  monoacetyl  derivative;  further  hydrolysis  of  the  latter  could  not  be  brought  about. 

The  inability  to  convert  compound  (VId)  to  the  diacetyl  derivative  is  apparently  associated  with  the  fact 
that  2- amino  derivatives  of  the  pyrimidine  series  are  less  basic  than  6-  (or  4-)  amino  derivatives  [3], 

In  the  original  isomeric  chloroaminomcthylnitropyrimidines  (Ve  and  Vf)  the  chlorine  is  somewhat  less  la¬ 
bile  than  in  the  corresponding  azo  compounds  (Vic  and  Vlf);  however,  here  also  the  chlorine  in  position  6  proved 
to  be  considerably  more  labile  than  the  chlorine  in  position  2,  Thus,  for  example,  2-chloro-6-amino-4-mcthyl- 
-5-uitropyrimidiuc  can  be  recrystallized  from  alcohol,  wliile  2-amlno-6-chloro-4-methyl-5-nltropyrimidine  loses 
chlorine  even  on  short  heating  in  alcoholic  solution. 

The  higher  lability  of  the  chlorine  in  position  6  (or  4)  of  the  pyrimidine  hetcrocycle  in  comparison  with 
position  2  is  in  agreement  with  the  higher  activity  of  the  methyl  group  in  position  6  (or  4)  in  comparison  with 
position  2  [4],  It  should  be  pointed  out  that  in  one  investigation  data  were  adduced  on  the  greater  activity  of  the 
2- methyl  derivative  of  pyrimidine  in  comparison  with  the  6  (or  4)  methyl  derivative  [5],  However,  these  data 
were  refuted  by  other  authors  [4], 


EXPERIMENTAL 

Preparation  of  4-(p-nitrophcnylazomcthyl)-5-nitrouracil,  2,2  g  of  4-methyI-5-nitrouracll  [6]  and  4  g  of 
sodium  acetate  were  dissolved  by  heating  in  37  ml  of  glacial  acetic  acid,  Tlien  there  was  added  to  the  cooled 
solution  a  solution  of  p-nitrodiazobenzene  prepared  in  the  following  way:  1.8  g  of  p-nitroaniline  was  dissolved 
in  a  mixture  of  5  ml  of  concentrated  hydrochloric  acid  and  1,5  ml  of  water,  and  was  diazotized  at  8-10*  with  a 
solution  of  0,9  g  of  sodium  nitrite  in  5  ml  of  water. 

In  a  few'  minutes  the  reaction  mixture  became  colored  an  intense  red  and  the  separation  of  a  red  precipitate 
of  the  azo  compound  began,  which  was  filtered  off  after  20  hr  standing  at  18-20*.  Yield  2,8  g  The  pre¬ 

cipitate  was  purified  by  treating  it  6  times  with  boiling  glacial  acetic  acid  solution  and  filtering  it  while  hot  each 
lime.  M.p,  265*  (decomp.).  The  compound  crystallized  from  a  400-fold  excess  of  acetic  acid  (glacial)  and 
dissolved  in  alkalies  with  a  blue  color.  When  an  alkaline  solution  was  acidified,  the  azo  compound  separated 
out  in  the  form  of  a  red  amorphous  precipitate. 

Found  <70;  C  41.2,  41.3;  H  3.4,  3,8;  N  26.3,  26.2.  CuHgOeNe  .  Calculated  %  C  41.2;  H  2.5;  N  26,2. 
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Preparation  of  2.6-diamino-4-(p-nitrophenylazomethyl)-5-nitropyrimidinc.  2.2  g  of  2,6-diamino-4-methyl- 
-5-nitropyrimidine  [7]  was  dissolved  in  37  ml  of  glacial  acetic  acid  by  heating,  and  4-5  g  of  sodium  acetate  was 
added.  Then  there  was  added  to  the  cooled  solution,  in  small  portions  and  with  good  stirring,  a  solution  of  para- 
-nitrodiazobenzene  prepared  from  1.8  g  of  p-nitroaniline  (see  above).  The  reaction  mixture  was  carefully  heated 
for  10  min  on  a  water  bath  at  45-50*  while  being  stirred  well.  The  solution  took  on  a  red  color  and  a  red  precipi¬ 
tate  began  to  separate  out.  After  4-5  hr  the  precipitate  was  filtered  off  and  treated  several  times  with  boiling 
water  (80-100  ml  each  time)  to  remove  the  unreacted  starting  2,6-diamino-4-methyl-5-nitropyrlmidine.  Yield 
2  g  (50%).  M.p.  160-170*  (decomp.).  The  compound  was  analyzed  after  being  boiled  twice  with  2  N  sodium  bi¬ 
carbonate  solution  (30  ml  each  time),  boiled  with  water,  and  treated  with  hydrochloric  acid  solution,  and 

again  with  water.  Drying  was  done  in  a  vacuum  desiccator.  The  crystalline  powder  was  red- lilac  in  color. 

Found  %;  N  25,20,  25.20.  CnHio04N8.  Calculated  %;  N  25,20. 

1.0  g  of  the  2,6-diamino-4-(p-nitrophcnylazomethyl)-5-nitropyrimldine  was  dissolved  by  heating  in  200  ml 
of  15%  hydrochloric  acid  solution.  After  the  solution  had  cooled,  a  velvety  red-lilac  precipitate  of  the  hydrochlo¬ 
ride  of  the  azo  compound  separated  out,  M.p,  240-245*  (decomp.). 

Found  %.  N  31.10,  31.20.  ChHio04N8‘ HCl.  Calculated  %.  N  31.50. 

Preparation  of  2-hydroxy-6-aiTiino-4-(p-nitrophcnylazonicthyl)-5-nitropyrimidine.  1,8  g  of  2-hydroxy-6- 
-amino-4-methyl-5-nitropyrimidine  [7]  was  dissolved  in  80  ml  of  glacial  acetic  acid  by  heating.  The  solution 
was  cooled,  and  into  the  suspension  that  was  produced  there  was  poured  rapidly,  drop  by  drop,  a  solution  of  para- 
-nitrodiazobenzene  prepared  by  diazotizing  1,4  g  of  p-nitioaniline(dissolvcd  in  a  mixture  of  4  ml  of  concentrated 
hydrochloric  acid  and  2  ml  of  water)  with  a  solution  of  0,72  g  of  sodium  nitrite  in  6  ml  of  water;  then  12  g  of 
sodium  acetate  was  added.  A  red  color  appeared.  After  3-4  min  heating  on  a  water  bath  at  40*.  a  red  precipi¬ 
tate  of  the  azo  compound  began  to  separate  out.  In  1,5  hr  the  precipitate  was  filtered  off  and  washed  with  water. 
Weight  2,3  g  (69%),  The  compound  was  insoluble  in  organic  solvents  and  did  not  melt  up  to  300*.  It  was  purified 
by  boiling  with  2  N  sodium  bicarbonate  solution  (twice  with  100  ml  portions),  with  hot  filtration  each  time.  The 
precipitate  was  then  treated  with  hot  water,  2%  hydrochloric  acid  solution,  and  again  with  water. 

Found  7o:  N  30.40,  30.50.  C11II9O5N7.  Calculated  %:  N  30.60. 

Preparation  of  2-hydroxy- 6- acetamido-4-(p-nitrophenylazomethyl)-5-nitropyrimidine,  1,3  g  of  the  azo 
compound  obtained  in  the  preceding  experiment  was  heated  to  boiling  for  20  min  with  8  ml  of  acetic  anhydride. 
The  separation  of  a  light  orange  precipitate  began  very  soon  (in  the  heating  process).  After  cooling,  the  precipi¬ 
tate  was  filtered  off,  washed  several  times  with  glacial  acetic  acid,  water,  and  finally  with  alcohol.  Yield  0.4 
to  0,5  g.  M.p.  267*, 

Found  %.  N  27.00,  26.9.  CulInOeN;.  Calculated  %:  N  27.10. 

Reaction  of  2-amino-6-chloro-4-methyl-5-nitropyrimidine  with  p-nitrodiazobenzene.  2- A mino- 6-chloro- 
-4-methyl-5-nittopyrimidine  was  prepared  in  the  following  way:  5.7  g  of  2-amino-G-hydroxy-4-methyl-5- 
-nitropyrimidine  was  added  in  small  portions  to  a  mixture  of  29  ml  of  phosphorus  oxychloride  and  11  ml  of  di- 
methylaniline,  and  was  heated  to  boiling  for  15-20  min.  The  mixture  was  cooled  and  pouredonto  100  g  of  ice 
with  good  external  cooling.  Yield  3,2  g  (50%),  M.p,  about  160*.  The  identity  of  the  2-amino-6-chloro-4-incthyl- 
-5-nitropyrimidine  obtained  in  this  way  was  proved  by  converting  it  (by  the  action  of  an  alcoholic  solution  of 
ammonia)  at  room  temperature  to  2,6-diamino-4-methyl-5-nitropyrimidine  with  m.p.  231*.  A  mixed  sample 
with  known  2, 6-diamino- 4- methyl- 5- nitropyrimidine  gave  no  depression  in  melting  point, 

a)  Azo  coupling  in  hydrochloric  acid  solution.  1.0  g  of  2-amino-6-chloro-4-methyl-5-nitropyrimidine 
was  dissolved  by  warming  in  20  ml  of  glacial  acetic  acid;  3  g  of  sodium  acetate  (a  known  insufficiency,  for  par¬ 
tial  neutralization  of  the  hydrochloric  acid)  was  added  to  the  solution,  and  after  it  had  cooled  there  was  poured 
into  it  with  thorough  stirring  a  hydrochloric  acid  solution  of  p-nitrodiazobenzene  prepared  from  0,7  g  of  {Miitroani- 
line.  In  this  last  process  the  solution  became  red.  Under  these  conditions  (mineral  acid  medium)  the  formation 
of  azo  compound  was  completed  in  2  hr.  After  slight  impurities  had  been  filtered  off,  the  reaction  solution  was 
diluted  with  water.  When  this  was  done,  an  amorphous  red-brown  precipitate  separated  out,  which  dissolved  in 
an  alcoholic  solution  of  sodium  hydroxide  with  a  violet  coloration.  The  precipitate  did  not  contain  chlorine. 

M.p.  280-290*  (decomp,).  The  compound  was  analyzed  after  treatment  with  a  hot  solution  of  sodium  bicarbonate, 
water,  2%  hydrochloric  acid  solution,  and  again  water.  After  this  treatment  the  compound  was  a  crystalline 
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powder  witli  a  red-lilac  color.  However,  we  were  unable  to  purify  it  to  an  analytically  pure  condition,  0,4  g 
of  the  azo  compound  obtained  in  this  way  was  boiled  for  25-30  min  in  3  ml  of  acetic  anhydride.  After  the  dark 
reaction  solution  had  cooled,  a  bright  red  crystalline  precipitate  separated  out,  M,p,  292*, 

Found  N  27,20,  20.90.  CjjIIaOeN;.  Calculated  N  27.10. 

b)  Azo  coupling  in  acetic  acid  solution.  1.0  g  of  2-amino-6-chloro-4-methyl-5-nltropyrimldinc  was  dis¬ 
solved  in  20  ntl  of  glacial  acetic  acid,  and  6  g  of  sodium  acetate  was  added  to  the  solution.  A  solution  of  para- 
-nifrodiazobenzene  hydrochloride  prepared  by  diazotizlng  0.7  g  of  p-nitraniline  was  added  quickly,  drop  by  drop, 
with  thorough  stirring.  The  solution  became  intensely  red.  After  2  hr  the  impurities  were  filtered  off  and  the 
solution  was  diluted  with  water.  A  dark  red  precipitate  of  the  azo  compound  separated  out,  which  contained 
chlorine.  Weight  0,2  g.  It  dissolved  in  lO^o  sodium  hydroxide  solution  with  a  blue  coloration,  M.p,  about  150* 
(decoinp). 

The  azo  compound  obtained  from  2-amino-6-chloro-4-methyl-5-nitropyrimidine  in  acetic  acid  solution 
lost  chlorine  upon  heating  in  alcohol  solution  for  5  min,  when  it  was  treated  with  an  alcoholic  solution  of  am¬ 
monia  at  room  temperature,  and  when  it  was  treated  with  an  alcoholic  solution  of  sodium  methylate  at  room 
temperature. 

Reaction  of  2-chloro-6-amino-4-methyl-5-nitropyrimidine  with  p-nitrodiazobenzene.  In  hydrochloric 
acid  medium:*  2.0  g  of  2-chloro-6-anilno-4-methyl-5-nitropyrlmidIne  [7]  was  dissolved  in  40  ml  of  glacial 
acetic  acid,  7  g  of  sodium  acetate  was  added  to  the  solution,  and  a  solution  of  p-nitrodlazobcnzene  hydrochlo¬ 
ride  prepared  from  1,4  g  of  p-nitroaniline  was  added  with  stirring.  In  a  few  minutes  the  solution  (acid  to  congo) 
was  scarcely  noticeably  coh  red  (became  rose -colored).  It  was  warmed  for  5  min  on  a  water  bath  at  40-45*.  An 
intense  red  color  appeared.  After  18-20  hr  the  dark  red  precipitate  was  filtered  off  and  was  treated  several  times 
with  a  warm  solution  of  pyridine,  then  with  hot  alcohol  to  purify  it.  M.p.  290-295*  (decomp,). 

Found  N  28.60,  28.50;  Cl  8.80,  8.60.  CuH804N;Cl.  Calculated  N  29.00;  Cl  10.30. 

The  2-cIiloro-6-amino-4-(p-nitrophcnylazomcthyl)-5-nitropyrimidine  obtained  in  the  preceding  experi¬ 
ment  was  dissolved  in  concentrated  sulfuric  acid  and  the  solution  was  poured  onto  ice,  whereupon  a  red-orange 
precipitate  separated  out,  wiiich  was  filtered  off  and  washed  with  water.  The  compound  did  not  contain  chlorine. 
After  10  min  boiling  in  acetic  anhydride  solution,  the  orange-colored  precipitate  was  filtered  hot.  This  precipi¬ 
tate  melted  at  267®,  which  showed  its  identity  with  2-hydroxy-6-acetamido-4-(p-nltrophenylazomethyl)-5- 
-nitropyrimidlne  (see  above)  (mixed  sample).  The  compound  dissolved  in  10%  sodium  hydroxide  with  a  violet 
coloration. 

Preparation  of  the  diacetyl  derivative  of  2-hydroxy-6-amino-4-(p-nlttophenylazomethyl)-5-nitrop^fiiTddln^ 
2,5  g  of  2-hydroxy-6-amino-4-(p-niirophcnylazomcthyl)-5-nitropyrimidine  was  heated  for  35  min  with  30  ml 
of  acetic  anhydride.  The  pale  yellow  precipitate  was  filtered  hot  and  washed  with  acetic  acid.  Weight  1,2  g. 

It  was  crystallized  from  acetic  anhydride,  M.p,  220*.  It  was  dissolved  in  10%  sodium  hydroxide  solution  with  a  violet 
coloration.  The  compound  contained  1  mole  of  water  of  crystallization. 

Found  HjO  5.0.  CisHisO^Nt  *  HzO.  Calculated  %  HjO  4.5. 

Found  7o:  N  24.60,  24.20.  C15H13O7N7.  Calculated  N  24.30 

Hydrolysis  of  the  diacetyl  derivative  of  2-hydroxy- 6- amino-4-(p-nitrophcnylazomethyl)-5-nitropyrimidine. 
1.0  g  of  tlie  compound  obtained  in  the  preceding  experiment  was  dissolved  in  10  ml  of  37’ sodium  hydroxide  solu¬ 
tion  and  was  heated  for  5  min  at  50*.  The  solution,  after  cooling,  was  acidified  with  hydrochloric  acid,  where¬ 
upon  an  orange  precipitate  of  2-hydroxy-6-acetamido-4-(p-nitrophenylazomethyl)-5-nitropyrimldine  separated 
out,  Tliis  compound  had  an  m.p,  of  267*. 

SUMMARY 

1,  The  activity  of  the  methyl  group  in  derivatives  of  4- methyl- 5-nitropyrimidine  containing  electron- 
donor  groups  (OH  and  NH2)  in  the  2  and  6  positions  was  investigated.  It  was  established  that  all  of  the  compounds 

*  Azo  coupling  in  acetic  acid  medium  leads  to  the  formation  of  a  highly  contaminated  product.  The  reaction 
product  proved  to  be  contaminated  with  tarry  impurities  even  when  an  excess  of  the  diazonium  compound  was 
used. 
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Investigated,  with  the  exception  of  one,  were  capable  of  azo  coupling  with  p-nitrodlazobenzene  to  form  the  cor¬ 
responding  derivatives  of  4-(p-nltrophenylazomethyl)-5-nltropyrimldlne, 

2-Aniino-6-hydroxy-4-methyl-5-nitropytlmldlne  did  not  enter  into  an  azo  coupling  reaction  with  p-nltro- 
dlazobenzene. 

2.  It  was  found  that,  in  the  two  Isomeric  chloroaminomethylnitropyrimldlnes-  2-chloro- 6- amino- 4- methyl 
-5-nitropyrlmldlne  and  2-amino-6-chloro-4-methyl-5-nitropyrimidine  —  the  methyl  group  has  a  high  activity. 
When  reacted  with  p-nitrodlazobenzene,  both  compounds  readily  form  the  corresponding  4-(p-nitrophenylazo- 
methyl)-5-nitropyrimldlnes.  The  chlorine  in  these  compounds  Is  quite  labile:  2-Chloro-6-amino-4-(p-nltto- 
phenylazomethyl)-5-nitropyrimidlne,  and  with  even  greater  ease  2-amino-6-chloro-4-(p-nitrophenylazomethyl)- 
-5-nltropyrlmldine,  were  converted  in  hydrochloric  acid  solution  to  2-hydroxy-6-amino-4-(p-nitrophenylazo- 
methyl)-5-nitropyrimidine  and  2- amino- 6-hydroxy- 4-(p-nitrophenylazomethyl)-5-nitropyrimidine,  respectively, 

3,  Upon  boiling  with  acetic  anhydride,  2-hydroxy-6-amino-4-(p-nitrophenylazomethyl)-5-nitropyrlmidine 
was  converted  to  the  diacetyi  derivative.  2-Amino- 6-hydroxy-4-lp-nitrophenylazomethyl)-5-nitropytimldine 
under  these  conditions  formed  only  the  monoacetyl  derivative. 
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In  previous  communications  [1,2]  it  has  been  shown  that  B-chlorovinyl  ketones  react  readily  with  the  so¬ 
dium  derivatives  of  a-alkylacetoacetic  esters  to  form  the  previously  unknown  ot-alkyl-cc-(y -ketoalkenyDaceto- 
acetic  esters,  and  this  reaction  is  a  simple  and  convenient  method  for  the  preparation  of  compounds  of  this  class. 

It  was  of  interest  to  broaden  the  reaction  of  ketovinylation  of  fl  -dicarbonyl  compounds  with  labile  hydro¬ 
gen,  We  selected  as  such  compounds  the  ethyl  esters  of  ot-benzoylpropionic  and  (X-benzoylbutyric  acids,  the 
ketovinylation  of  which  is  described  in  this  article.  In  ethyl-ot-benzoyipropionate  and  ethyl  a-benzoylbutyrate 
there  is  only  one  labile  hydrogen  atom,  and  it  therefore  might  be  expected  that  normal  ketovinylation  products 
would  be  formed. 


*  Original  Russian  pagination.  See  C.B.  translation. 
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When  B -chlorovinyl  ketones  were  reacted  with  the  sodium  derivatives  of  ethyl  a-benzoylproplonate  and 
ethyl  or-benzoylbutyrate  in  benzene  under  conditions  similar  to  those  described  for  a-alkylacetoacetic  esters, 
the  ethyl  esters  of  a-(y -kctoalkenyl-l)-o-benzoylpropionic  and  o(-(y-ketoalkenyl-l)-a-benzoylbutyric  acids 
were  obtained  in  good  yields. 


R' 

nCOCII^JiCl  +  CellsCOCHll'COOCalls  —  RCOCH=CHCCOOC*H5 

COC,H«. 

R=CIl3,  CaHg.  C3II7,  iso  C,!!,.  iso -C4H9.  C5II11.  CaHj;  R’  =  CH,.  C,U,. 

The  compounds  obtained  were  high-boiling  oils  and  crystalline  materials,  stable  on  storage  but  easily 
resinifying  upon  strong  heating,  and  it  therefore  was  necessary  to  distill  them  in  a  rather  high  vacuum. 

Among  the  compounds  prepared,  all  of  the  liquid  materials  showed  a  positive  exaltation  of  the  molecular 
refraction  (2.10-2.39),  which  may  be  well  grounded,  since  these  compounds  have  two  systems  of  conjugated 

double  bonds  — C— CH=CH—  and  ^  ,  According  to  data  reported  by  HQckel  [3],  the  conjugation  of 

the  carbonyl  group  with  the  benzene  ring  in  acetophenone  gives  an  exaltation  of  +0.78  to  the  molecular  refrac¬ 
tion.  Furthermore,  the  6 -chlorovinyl  ketones  in  which  the  carbonyl  group  is  conjugated  with  a  double  bond  also 
give  a  positive  exaltation  of  the  molecular  refraction  [4,5]  (for  methyl  B -chlorovinyl  ketone  it  is  +144). 

The  structure  of  the  compounds  that  we  prepared  was  confirmed  by  analytical  data  and  also  by  acid  cleav¬ 
age  of  the  ethyl  ester  of  a-(3-ketobutenyl-l)-a-benzoylbutyric  acid,  which  led  to  the  formation  of  the  ethyl 
ester  of  a-(3-ketobutenyl)butyric  acid,  which  was  described  in  one  of  the  previous  communications  [6],  and  ben¬ 
zoic  acid. 


EXPERIMENTAL 

Ethyl  ester  of  a-(3-ketobutenyl-l)-a-benzoylpropionic  acid.  In  a  three-necked  flask  equipped  with  a 
stirrer,  reflux  condenser,  and  dropping  funnel,  were  placed  1.8  g  of  sodium  finely  dispersed  in  xylene,  and  100  ml 
of  dry  benzene,  and  over  the  course  of  40  min  18  g  of  ethyl  bcnzoylpropionate  was  added  dropwise,  with  stirring. 
The  reaction  mixture  was  heated  slightly  on  a  water  bath  (40*),  and  after  all  of  the  ester  had  been  added  it  was 
heated  on  the  water  bath  at  40-50*  for  2  hr  more  until  the  sodium  had  completely  dissolved.  The  reaction  mix¬ 
ture  was  cooled  with  ice  water  and,  while  it  was  vigorously  stirred,  a  solution  of  8  g  of  methyl  B -chlorovinyl 
ketone  in  25  ml  of  anhydrous  benzene  was  added  dropwise  over  a  period  of  40  min;  then  the  reaction  mixture 
was  heated  for  2.5  hr  to  40-50*.  After  the  mixture  had  cooled,  50  ml  of  water  was  added,  the  benzene  layer  was 
separated,  washed  with  water  (twice,  with  40  ml  each  time),  the  wash  water  was  extracted  several  times  with 
ether,  the  ether  extracts  were  combined  with  the  benzene  solution  and  dried  with  magnesium  sulfate,  the  solvents 
were  distilled  off  in  a  slight  vacuum,  and  the  residue  was  distilled  in  vacuum  from  a  flask  with  a  low,  wide  out¬ 
let;  a  fraction  with  b.p.  140-150*  (0.4  mm)  was  collected. 

After  redistillation,  12.3  g  (5979)of  a  compound  with  the  following  constants  was  obtained; 

B4).  141-143*  (0.3  mm),  d*®4  1.1102,  n*®D  1.5257,  MRd  75.80;  calc.  73.70,  EMRp  +2a0. 

Found  %  C  70.12,  70.25;  H  6.42,  6.32,  Ci6H„04.  Calculated  %  C  70.05;  H  6.61. 

The  ethyl  ester  of  a-(3-ketobutenyl-l)-ot-benzoylpropionic  acid  was  a  thick,  light  lemon-colored  oil,  in¬ 
soluble  in  water,  miscible  with  the  usual  organic  solvents.  It  could  be  kept  for  a  long  time  without  change. 

Ethyl  ester  of  ot-(3-ketopenten-l-yl-l)-a-benzoylpropi6nic  acid  was  prepared  in  a  similar  manner  from 
2.1  g  of  sodium,  20.5  g  of  ethyl  benzoylpropionate,  and  10.7  g  of  ethyl  B -chlorovinyl  ketone  in  150  ml  of  an¬ 
hydrous  benzene.  Upon  distillation  in  vacuum,  with  added  hydroquinone ,  a  fraction  with  b4),  145-155*  (0.25  mm) 
was  collected. 

After  two  redistiilations,  14.9  g  (57.3%)  of  material  was  obtained  with  the  following  constants. 
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of  ethyl  benzoylproplonate,  and  10  g  of  phenyl  0 -chlorovinyl  ketone  in  150  ml  of  anhydrous  benzene.  After  the 
solvent  was  distilled  off  and  the  mixture  was  cooled  with  a  mixture  of  ice  and  salt,  the  compound  crystallized. 

Colorless  crystals  with  m^).  63-63.5*  (from  ethanol).  An  additional  amount  of  the  compound  was  isolated 
from  the  mother  liquor  of  the  distillation.  Yield  10.1  g  (50.3*^). 

Found  ‘fe  C  74.93.  75.04;  H  6.15,  6a6.  C,iHjo04.  Calculated  ‘fe  C  74.98;  H  6.00. 

Ethyl  esterofot-(3“ketobutenyl-l)-a-benzoylbutyric  acid  was  prepared  from  4J8  g  of  sodium.  46  g  of  ethyl 
benzoylbutyrate ,  and  20  g  of  methyl  0 -chlorovinyl  ketone  in  300  ml  of  anhydrous  benzene.  Upon  distillation  in 
vacuum,  a  fraction  was  collected  with  b.p.  136-146*  (0.05  mm).  Yield  26.5 g (47 .4*^).  After  redistillation  the 
compound  had  the  following  constants. 
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B.p.  137-139*  (0.06  mm).  d*®4  1.0983,  n*®D  1.5270,  MRp  80.70;  calc.  78.31,  EMRp  +2.39.'  ‘  • 

Found  *70:  0  71.11,  70.97;  H  7.26,  7.07.  C17H20O4.  Calculated ‘7o:  C  70.81;  H  7.00. 

The  ethyl  ester  of  a-(3-ketobutenyl-l)-a-benzoylbutyrlc  acid  was  a  thick  oil,  slightly  tinted  with  a  light 
yellow  color. 

Acid  cleavage  of  ethyl  ester  of  a-(3-ketobutenyl-l)-tX“benzoylbutyrlc  acid.  To  6  g  of  the  ethyl  ester  of 
a-(3-ketobutcnyl-l)-o(-benzoyrbutyrlc  acid  was  added,  with  stirring,  a  solution  of  15  g  of  ammonium  chloride 
in  50  ml  of  water,  and  20  ml  of  ammonia  (d  0.9)  heated  to  50*.  The  temperature  was  held  at  48-50*  for  50  min. 
Then  the  oily  layer  waj  separated  and  carefully  washed  with  water,  and  the  aqueous  layer  was  extracted  with 
ether.  After  acidification  of  the  aqueous  layer  and  steam  distillation,  benzoic  acid  was  isolated  with  m,p,  121*. 
The  oily  material  was  combined  with  the  ether  extracts  and  shaken  with  hydrochloric  acid  solution  (1:2),  The  . 
organic  layer  was  separated,  washed  well,  dried  with  magnesium  sulfate,  and  distilled  in  vacuum.  0.7  g  of  the 
ethyl  ester  of  a-(3-ketobutenyl-l)butyric  acid  was  obtained. 

B.p.  83-  85*  (1  mm),  n*®D  1,4568.  Literature  data  [6];  b,p,  85-88*  (1  mm),  n*®D  1,4560, 

SUMMARY  '  •  -  • 

The  reaction  of  0 -chlorovinyl  ketones  with  the  ethyl  esters  of  a-bcnzoylpropionic  and  a-benzoylbutyrlc 
acids  has  been  investigated  and  has  been  shown  to  give  high  yields  (42-65‘7()  of  the  ethyl  esters  of  ot-(y  -keto-  ' 
alkenyl)-a-benzoylpropionlc  and  -butyric  acids,  which  have  not  been  known  previously. 

.  . ■  f  •  ■  ‘  . 
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Existing  methods  for  the  synthesis  of  chalcones  (aryl  styryl  ketones)  are  based  on  the  condensation  of  arom¬ 
atic  aldehydes  with  substituted  acetophenones,  and  are  not  always  convenient  because  of  the  unavailability  of 
some  of  the  starling  materials.  In  this  paper  we  present  data  on  a  new  synthesis  of  chalcones,  based  on  the  con¬ 
densation  of  aiyl  0 -chlorovinyl  ketones  with  aromatic  compounds.  Like  their  aliphatic  analogs  [1],  the  aryl  0- 
chlorovinyl  ketones  readily  react  with  the  ethers  of  phenols, 

•Original  Russian  pagination.  See  C.B.  translation. 
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ArCOCH=CHCl  +  Ar'H  —-X  ArCOCH=CIIAr' 

Ar  =  p-CH,C.H..  p-Prr,ll, 

Ar’  =p-CH,0C,H..p>C,ll40C,l(,.  3,i-(Cn,0),r,ii, 

The  reaction  is  most  conveniently  carried  out  in  benzene  solution,  with  stannic  chloride  as  catalyst.  When 
stannic  chloride  is  added  to  a  benzene  solution  of  the  reagents,  the  evolution  of  hydrogen  chloride  is  not  observed, 
but  a  crystalline  precipitate  soon  separates  out,  which  apparently  is  a  molecular  compound  of  stannic  chloride 
with  the  6 -chloroethyl  ketone  that  has  been  formed,  and  which  decomposes  upon  further  treatment  of  the  reaction 
mixture  with  sodium  carbonate  to  produce  the  chalcone.  Obviously,  in  this  case,  as  in  the  condensation  of  ali¬ 
phatic  6 -chlorovinyl  ketones  with  phenol  ethers  [1],  the  reaction  proceeds  by  way  of  the  addition  of  the  aromatic 
compound  to  the  double  bond  of  the  5 -chlorovinyl  ketone. 

The  proposed  synthesis  of  the  chalcones  obviously  is  of  a  rather  general  nature:  The  reaction  goes  both  with 
various  aryl  0 -chlorovinyl  ketones  (phenyl,  p-tolyl,  and  p-bromophenyl  0 -chlorovinyl  ketones)  and  with  ethers 
of  monoatomic  (anisole,  phenetole)  and  polyatomic  phenols.  The  reaction  proceeds  in  a  single  direction  and,  in 
all  cases,  we  have  obtained  only  one  compound.  To  establish  the  structure  of  the  condensation  products  obtained, 
they  were  oxidized  with  permanganate  in  alkaline  medium.  When  the  condensation  product  of  phenyl  0 -chloro¬ 
vinyl  ketone  with  anisole  was  oxidized,  anisic  acid  was  produced;  thus,  the  condensation  took  place  in  the  para- 
position  of  the  aromatic  ring,  which  usually  occurs  in  most  cases  of  substitution  in  phenol  ethers. 

When  the  condensation  product  of  veratrole  with  p-tolyl  0 -chlorovinyl  ketone  was  oxidized,  veratrlc  acid 
was  produced:  thus,  in  this  case,  the  condensation  took  place  according  to  the  usual  mechanism,  forming  the 
3 ,4-dimethoxy-substituted  chalcone. 

The  chalcones  synthesized  were  obtained  by  this  method  in  good  yields  (40-70%)  and  were  nicely  crystal¬ 
lized,  slightly  colored  materials.  The  synthesis  proposed  here  for  these  compounds  has  a  number  of  substantial 
advantages  because  of  its  simplicity  and  the  availability  of  the  starting  material, 

EXPERIMENTAL* 

Phenyi-p-methoxystyryl  ketone.  In  a  three -necked  flask  equipped  with  a  stiner,  a  reflux  condenser  with 
a  calcium  chloride  tube,  and  a  dropping  funnel  was  placed  a  solution  of  30,5  g  of  phenyl  0 -chlorovinyl  ketone 
and  20,4  g  of  anisole  in  50  ml  of  anhydrous  benzene.  The  reaction  flask  was  cooled  with  a  mixture  of  ice  and 
salt,  and  43  g  of  stannic  chloride  was  added  over  the  course  of  2  hr.  with  vigorous  stining.  The  reaction  mixture 
gradually  took  on  a  raspberry  color,  hydrogenchloride  was  not  evolved,  and  a  crystalline  precipitate  separated 
out.  Then  the  reaction  mixture  was  stirred  for  40  min  more,  and  150  ml  of  ether  and  150  ml  of  water  were  added. 
The  ether  layer  was  separated,  the  aqueous  layer  was  extracted  with  ether,  and  the  combined  ether  extracts  were 
repeatedly  washed  with  5%  sodium  carbonate  solution  and  dried  with  calcium  chloride,  and  the  ether  was  distilled 
off;  the  residue  crystallized  as  light  yellow  needles  with  m,p,  76-77*  (from  alcohol)  [2],  Yield  27  g  (61,9%), 

Found  %  C  80,38,  80,51;  H  5,97,  6,18,  Ci6Hi402,  Calculated  %  C  80,64;  H  5,93. 

When  5  g  of  the  compound  obtained  was  oxidized  with  30  g  of  potassium  permanganate  in  50  ml  of  5% 
sodium  carbonate  solution,  with  heating  to  boiling  for  2.5  hr  and  subsequent  acidification  of  the  solution,  we  ob¬ 
tained  anisic  acid  with  m,p,  181-182*,  and  benzoic  acid  with  m,p.  121*, 

Phenyl  p-ethoxystyryl  ketone  was  prepared  in  a  similar  manner  from  25  g  of  phenyl  0 -chlorovinyl  ketone, 
18  g  of  phenetole,  and  35  g  of  stannic  chloride  in  50  ml  of  anhydrous  benzene.  Crystals  were  obtained  in  the 
form  of  greenish  plates  with  m,p.  62*  (from  alcohol)  [3],  yield  23,5  g  (61%), 

Found  %:  C  80.69,  80.77;  H  6.27,  6.30.  CitHisOj.  Calculated  %:  C  80.92;  H  6.39. 

Phenyl  3,4-dimethoxystyryl  ketone  was  prepared  from  7  g  of  phenyl  0 -chlorovinyl  ketone,  6,2  g  of  vera¬ 
trole,  and  11  g  of  stannic  chloride  in  50  ml  of  anhydrous  benzene.  Fine  yellow  needles  were  obtained  with  m.p. 
81-82*  (from  alcohol)  Yield  4,5  g  (40,1%), 

Found  %:  C  76.02,  75.77;  H  6.21,  5.93.  CiTHieO,.  Calculated  %:  C  76.10;  H  6.02. 


*  G.  S.  Lomets  participated  in  the  experimental  portion  of  the  work. 
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p-Bromophenyl  p-methoxystyryl  ketone  was  prepared  in  a  similar  manner  from  6,1  g  of  p-bromophenyl 
8  -chlorovinyl  ketone,  3  g  of  anisole,  and  7,8  g  of  stannic  chloride  in  50  ml  of  anhydrous  benzene.  Light  yellow 
needles  were  obtained  with  m.p,  142-143*  (from  alcohol).  Yield  4,7  g  (60*^), 

Found  Br  25.34,  25.33.  Ci6Hi302Br.  Calculated  Br  25.20. 

p-Bromophenyl  p-ethoxystyryl  ketone  was  prepared  from  10  g  of  p-bromophenyl  8 -chlorovinyl  ketone, 

5.2  g  of  phenctole,  and  10.4  g  of  stannic  chloride  in  50  ml  of  anhydrous  benzene.  Golden  yellow  needles  with 
m,p.  123.5-124,5*  (from  alcohol).  Yield  8  g  (59,97o). 

Found  ‘7o;  Br  23,95,  23,95,  Ci7Hi502Br.  Calculated  Br  24.13, 

p-Tolyl  p-ethoxystyryl  ketone  was  prepared  in  a  similar  manner  from  7,3  g  of  p-tolyl  8 -chlorovinyl  ketone, 
5,8  g  of  phenetole,  and  13.2  g  of  stannic  chloride  in  50  ml  of  anhydrous  benzene.  Light  yellow  plates  with  m.p, 
95.5-9G*  (from  alcohol).  Yield  7.5  g  (69.9%). 

Found  %:  C  81.22,  81.44;  H  6.75,  6.91.  CjgHigOz.  Calculated  %;  C  81.17;  H  6.81. 

p-Tolyl  3,4-dimethoxystyryl  ketone  was  prepared  in  a  similar  manner  from  10,7  g  of  p-tolyl  8 -chloro¬ 
vinyl  ketone,  9,9  g  of  veratrole,  and  18,7  g  of  stannic  chloride  in  50  ml  of  anhydrous  benzene.  Lemon-yellow 
crystals  with  m.p,  93,5-94.5*  (from  alcohol).  Yield  10,2  g  (61,1%), 

Found  %.  C  76.56,  76.67;  H  6.63,  6.55.  CigHisOa.  Calculated  %:  C  76.57;  H  6.43. 

When  5  g  of  the  compound  was  oxidized  with  30  g  of  potassium  permanganate  in  50  ml  of  5%  sodium  car¬ 
bonate  solution,  veratric  acid  was  obtained  with  m.p,  180-181*  [4]  after  sublimation. 

SUMMARY 

A  new  method  has  been  developed  for  the  synthesis  of  chalcones  (aryl  styryl  ketones)  by  the  condensation 
of  aryl  8 -chlorovinyl  ketones  with  phenol  ethers  (yields  40-70%), 
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In  a  previous  communication  [1]  we  described  the  synthesis  of  3-(8-hydroxyethyl)-4-(8-carboethoxyethyl)- 
-N-acetylpiperidine  (I), 
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GHjCIIjCOOGjIfs 

I 

-CHjCHzOH 

I 

COCH3 

(I) 

With  compound  (I)  it  appeared  to  be  completely  possible  to  carry  out  the  synthesis  of  homomeroquinene 
by  using  one  of  the  methods  appropriate  in  this  case  for  the  production  of  a  double  bond. 

The  use  of  sulfuric  acid  to  split  out  water  from  derivatives  of  piperidine  is  known  to  be  accompanied  by 
oxidation  of  the  piperidine  ring;  the  use  of  phosphorus  pentoxide  gives  high  yields  of  olefin.  We  therefore  chose 
as  our  first  alternative  a  method  based  on  the  splitting  out  of  hydrogen  chloride  from  the  appropriate  chloro  de~ 
rlvative.  The  3-(S -chloroethyl)-4-(6 -carboethoxypthyl)-N-acetyIpiperldine  (H)  necessary  for  this  was  prepared 
from  (I)  with  the  aid  of  thionyl  chloride  or  from  the  hydrochloride  of  3“(fl-hydroxyethyl)-4-(fl-carbocthoxy- 
ethyDpiperidine  [1]  by  the  following  scheme; 


CHjCHaCOOCjUs 

I 

N— CH2CH2OH 


0 


SOCI, 


HCI 


CHzCHaCOOCzHs* 
-CH2CH2CI 

HC 


I  * 
H 


(CH,C0),0 


CHjCHjCOOCiHs 

CHjCHsCl 

V 

doGHj 

<il) 


In  the  latter  instance ,  of  especial  interest  is  the  acetylation  reaction,  which  gives  a  good  yield 
by  the  action  of  acetic  anhydride  on  the  hydrochloride  of  3-(0 -hydroxyethyl>-4-(0-carboethoxyethyl)piperidlne, 
which  we  did  not  convert  into  the  base  in  order  to  avoid  the  formation  of  a  pyrrolidine  ring.* 

Preliminary  experiments  showed  that  when  the  chloride  (II)  or  the  corresponding  iodide  was  treated  with  an 
alcoholic  solution  of  potassium  hydroxide  there  was  formed,  in  addition  to  potassium  chloride  (or  iodide),  a 
caramellike  mass  that  contained  only  insignificant  traces  of  unsaturated  compound.  When  the  caramellike  mass 
was  esterified  and  subsequently  acetylated,  an  oil  was  obtained  with  b.p.  90-170*  (0.3  mm).  This  oil  was  not 
closely  investigated. 


Having  ascertained  the  impossibility  of  producing  a  vinyl  group  from  the  chloroethyl  derivative  (H),  we  at¬ 
tempted  to  prepare  homomeroquinene  by  cleavage  of  the  corresponding  quaternary  ammonium  base.  Salts  of  the 
quaternary  base  (IVa,  IVb)  were  prepared  either  by  heating  (n)  with  trimethylamine  or  by  the  action  of  methyl 
iodide  on  3-(fl-dimethylaminoethyl)-4-(fl-catboethoxyethyl)-N-acetylpiperidine  (nia).  (See  scheme  on  follow¬ 
ing  page.) 

For  the  preparation  of  (Ilia),  compound  (U)  also  served  as  a  starting  material,  being  subjected  to  reaction 
with  dimethylamine.  The  reaction  went  easily,  but  was  accompanied  by  the  formation  of  a  considerable  amount 
of  the  corresponding  dimethylamide. 


CH,CH2C0N(CH3)2 

^\-CH2CH2N(CH3)2 


'N' 

I 

COCH3 


•This  reaction  may  prove  to  be  useful  in  the  case  of  unstable  free  bases.  We  successfully  used  it  for  the  prepara¬ 
tion  of  4-(0-bromoethyl)-N-acetylpiperidine  from  the  hydrobromide  of  4-(fl-btomoethyl)piperidine, 
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(III) 


(Ilia)  R  =  COCH, 
(iiib)  K  =  11 


(IV 


The  mixture  of  the  ester  (nia)  and  the  dimethylamide  therefore  was  saponified  with  alkali  and  the  saponi¬ 
fication  product  was  csterified.  The  3-(0-dimethylaminoethyl)-4-(3-carboethoxyethyl)piperldine  (Ulb)  formed 
in  this  process  was  converted  by  the  action  of  acetic  anhydride  to  the  corresponding  N- acetyl  derivative  (lUa), 
which  served  as  the  starting  material  for  the  preparation  of  the  quaternary  salt  (IVb).  The  latter,  when  treated 
with  moist  silver  oxide,  formed  a  betaine  (V), 


When  the  quaternary  salt  (IVa)  or  (IVb)  was  fused  with  60%  potassium  hydroxide  at  165-170*,  trlmethyl- 
amine  was  given  off  and  an  acid  was  formed  which  did  not  contain  either  a  double  bond  or  a  secondary  amine 
group.  The  acid  was  converted  to  the  ethyl  ester,  which  corresponded  in  analysis  to  the  composition  of  the  ethyl 
ester  of  3 -[l,3-cthylcnepiperidyl-C4)]propionic  acid  (VI). 

The  structure  of  this  compound  was  confirmed  by  direct  synthesis  of  (VI),  which  was  carried  out  by  the  fol¬ 
lowing  scheme; 
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(VI) 

Tlie  starting  material  was  3-(3 -chloroethyl)-4-(3 -carboethoxyethyl)-N-acetylpiperidine  (II),  which  was 
converted  by  hydrolysis  with  17%  hydrochloric  acid  to  3-[3-(3*-  chloroethyl)piperidyl-(4)]propionic  acid.  The 
latter  was  csterified  and  the  3-(3 -chlorocthyl)-4-(3 -carboethoxyethyUpiperidine  formed  in  this  process  was  cy' 
cllzed  by  heating  in  pyridine  solution.  The  cyclization  product  proved  to  be  identical  with  the  ethyl  ester  of 
the  acid  obtained  by  the  decomposition  of  the  quaternary  base. 


Thus  it  was  demonstrated  that  decomposition  of  the  quaternary  base  in  our  case  proceeded  by  an  unusual 
route,  and  instead  of  the  formation  of  an  unsaturated  compound,  it  led  to  the  appearance  of  a  new  five-mem- 
bered  ring.  The  course  of  the  process  apparently  can  be  expressed  by  the  following  diagram; 
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The  unusual  course  of  the  reaction  obviously  Is  associated  with  the  presence  on  the  fifth  member  of  the 
ring  of  a  labile  hydrogen,  which  splits  off  with  greater  ease  than  the  hydrogen  located  on  the  second  carbon  atom. 
It  Is  quite  probable  that  this  reaction  is  general  in  nature  and  can  be  used  for  the  production  of  five-  and  six- 
membered  rings,  starting  with  compounds  containing  a  labile  hydrogen  in  the  appropriate  positions.  Not  having 
obtained  an  unsaturated  compound  by  the  above-mentioned  methods,  we  used  the  xanthogen  method  of  Chugaev 
for  the  production  of  a  double  bond.  The  methyl  ester  of  d-[4-(8  •-carboethoxyethyl)-N-acetylplperldyl-(3)]- 
ethylxanthogenlc  acid  (Villa)  necessary  for  this  purpose  was  prepared  from  (I). 


KOH  •  CS, 
(I) - » 


When  the  potassium  salt  of  the  xanthogenlc  acid  (VII)  was  prepared,  partial  saponification  of  the  carbo- 
ethoxy  group  took  place  with  the  formation  of  the  corresponding  carboxylic  acid.  When  the  reaction  mixture  was 
treated  with  methyl  iodide,  therefore,  a  mixture  of  materials  was  produced,  from  which  we  isolated  the  methyl 
ester  of  fl-[4-(0  '-carboethoxyethyl)-N-acetylpiperidine-(3)]ethylxanthogenic  acid  (Villa),  the  methyl  ester  of 
fl-[4-(fl  •-carboxyethyl)-N-acetylpiperldyl-(3)]ethylxanthogenic  acid  (VUlb),  and  the  starting  compound  (I). 

When  the  methyl  ester  of  fl-[4-(0-carboethoxyethyl)-N-acetylpiperidyl-(3)]ethylxanthogenlc  acid  (Villa) 
was  heated  in  vacuum  at  10  mm  to  175*,  decomposition  occurred  with  the  formation  of  the  ethyl  ester  of  racemic 
N-acetylhomomeroquinene  (IX). 
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(IX) 


The  decomposition  process  proceeded  in  more  than  one  way  and  the  reaction  product  was  a  mixture  of  the 
ethyl  ester  of  N-acetylhomomeroqulnene  and  sulfur  compounds, which  it  was  impossible  to  separate  by  vacuum 
distillation.  We  were  able  to  make  a  separation  because  of  the  fact  that  the  sulfur  compounds  were  considerably 
more  difficultly  soluble  in  water  than  the  ethyl  ester  of  N-acetylhomomeroquinene. 

A  preliminary  study  of  the  sulfur  compounds  formed  in  the  xanthogenlc  reaction  permitted  isolation  of  a 
compound  that  corresponded  in  analysis  to  the  composition  of  fl-[4-(0  *-carboethoxyethyl)-N-acetylpiperidyl- 
-(3)]ethyl  methyl  sulfide  (X), 


(MjCHaCOOCaHa 
iHaCHaSCHa 
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I 

COCH3 
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When  the  compound  obtained  was  treated  with  methyl  iodide,  a  solid  light  yellow  mass  formed,  which  was 
insoluble  in  ether  and  apparently  was  a  sulfonium  salt. 
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EXPERIMENTAL 


3-(B  -Chloroethyl)»4-(6  -carboethoxyeihyl)-N-acetyIpiperldine  (II).  9.7  g  of  3-(6-hydroxyethyl)-4-(8- 
-carboctboxyethyl)-N-acetylpiperidrnc  (I)  was  dissolved  in  16  ml  of  absolute  benzene.  The  solution  was  cooled 
with  cold  water,  and  over  a  period  of  10  min,  3,2  ml  of  thionyl  chloride  (about  2570  excess)  was  added,  after 
which  the  reaction  mixture  was  heated  for  4,5  lir  at  60-63*.  Then  the  benzene  was  distilled  off  in  vacuum;  the 
dark  red  residue  was  dissolved  in  40  ml  of  chloroform,  the  chloroform  solution  was  washed  with  20  ml  of  307o  po¬ 
tassium  carbonate  solution,  dried  with  potassium  carbonate,  and  the  solvent  distilled  off  in  vacuum,  10,3  g 
of  a  dark  red  oil  was  obtained.  To  purify  this  material  from  colored  contaminants  it  was  mixed  with  400  ml  of 
petroleum  ether  (b.p,  50-70*);the  pale  yellow  solution  that  was  formed  was  decanted  from  the  dark  red  caramel¬ 
like  mass,  mixed  with  carbon,  and  filtered;  then  the  solvent  was  distilled  off  and  the  residue  was  distilled  in 
vacuum.  9.2  g  (88.77)  of  a  light  yellow  oil  was  obtained  wliich,  according  to  its  analysis,  was  3-(B -chloroethyl)- 
-4-(0 -carboethoxyethyll-N-acetylpiperidine  (II), 

B.p.  173-175*  (0.3  mm),  d^®4  1.1360,  n*°D  1.4355,  MRq  74.44;  calc.  74.77, 

Found  %.  C  58.33;  H  8.19;  Cl  12.41.  CJ4H24O3NCI.  Calculated  %  C  58.00;  H  8.35;  Cl  12.29. 

The  chloride  was  readily  soluble  in  alcohol,  ether,  benzene,  and  chloroform;  less  soluble  in  petroleum  ether, 

A  chloride  also  was  obtained  from  3-(l3 -hydroxyethyl)-4-(6 -carboethoxyethyDpiperidine  [1],  For  this 
pur|xisc  the  hydrochloride  of  the  latter  was  treated  with  thionyl  chloride  (257o  excess)  in  benzene  at  60-65*  for 
4  hr,  then  the  solution  was  evaporated  in  vacuum  and  the  residue,  which  was  the  hydrochloride  of  3-(8-chloro- 
cthyl)-4-(d -carbocthoxyethyOpiperidine,  was  heated  for  2  hr  with  an  excess  of  acetic  anhydride  on  a  water  bath. 
After  tlie  acetic  acid  and  excess  acetic  anhydride  liad  been  distilled  off  in  vacuum,  the  residue  was  dissolved  in 
chloroform,  the  solution  was  washed  with  307>  potassium  carbonate  solution,  and  the  base  was  isolated  and  puri¬ 
fied  as  described  above.  Yield  867?,  calculated  on  the  hydrochloride  of  3-(0 -hydroxyethyl)-4-(B -carboethoxy- 
ethyDpiperidinc. 

When  the  chloride  was  treated  with  an  alcoholic  solution  of  potassium  hydroxide,  practically  no  double 
bond  was  formed.  Thus,  for  example,  when  the  chloride  was  boiled  for  3  hours  with  157?  potassium  hydroxide 
solution  in  methanol,  we  obtained,  after  removal  of  the  excess  alkali  with  the  aid  of  carbon  dioxide  and  evapora¬ 
tion  of  the  filtrate,  a  caramcllike  mass  which  showed  only  insignificant  traces  of  unsaturated  compound  when 
tested  with  dilute  permanganate  solution.  When  the  product  obtained  was  esterifled  and  then  acetylated,  an  oil 
was  formed  with  b.p.  90-170*  (0.3  mm). 

The  corresponding  iodide  obtained  by  heating  the  chloride  with  sodium  iodide  in  dry  acetone  behaved 
similarly. 

3-(fl -Dimethylaminocthyl)-4-(3 -carboethoxyethyl)-N-piperidine  (Illb),  A  mixture  of  3,9  g  of  3-(0- 
-chloroethyl)-4-(3 -carbocthoxyethyl)-N-acetylpiperidine,  10.6  g  of  dimethylaminc  in  20  ml  of  methanol,  and 
2  g  of  sodium  iodide  was  heated  for  5  hr  in  a  sealed  tube  at  75-80*.  When  the  solution  had  cooled,  it  was  filtered 
off  from  the  sodium  chloride  and  the  filtrate  was  evaporated  in  vacuum.  The  residue  was  mixed  with  acetone, 
the  solution  was  filtered  off  from  the  dimethylaminc  hydroiodide,  and  the  filtrate  was  again  evaporated  in  vacuum. 
The  glassy  brown  mass  obtained  in  this  way  was  dissolved  in  2  ml  of  water,  4  ml  of  a  saturated  potassium  carbon¬ 
ate  solution  was  added,  and  the  oil  that  separated  out  was  extracted  first  with  ether  (twice  with  25- ml  portions), 
and  then  with  chloroform  (3  limes  with  20- ml  portions).  About  half  of  the  separated  oil  went  into  ether  solution, 
while  the  remainder  was  insoluble  in  ether,  but  was  readily  extracted  with  chloroform.  The  extracts  were  dried 
with  potassium  carbonate,  the  solvents  were  distilled  off,  and  the  residual  portion  of  the  solvents  was  removed  in 
vacuum  at  100*.  From  the  ether  extract,  1.8  g  of  a  yellow,  mobile  oil  (A)  was  obtained;  n^®D  1,48  90, 

From  the  chloroform  extract,  2  g  of  a  light  brown,  thick,  only  slightly  mobile  oil  (B)  was  obtained;  n*®D 

1.510. 


Tests  showed  that  when  material  A  was  shaken  with  1571?  pxjtassium  hydroxide  solution  for  30  min  it  went 
almost  completely  into  solution,  while  material  B  dissolved  in  alkali  only  when  boiled  for  1  hr,  during  which  the 
odor  of  dimethylaminc  appeared.  Evidently  the  first  compound  was  an  ester  and  the  second  was  the  conespond- 
ing  dimethylamide. 
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The  two  materials  were  mixed  and  subjected  to  saponification  with  40  mi  of  IS^o  potassium  hydroxide  so¬ 
lution  by  boiling  for  2.5  hours.  Then  the  solution  was  evaporated  in  vacuum  to  a  volume  of  about  15  ml,  acidi¬ 
fied,  while  being  cooled,  with  17%  hydrochloric  acid  to  a  slight  acid  reaction  to  Congo,  and  evaporated  in  vacuum 
to  dryness.  The  residue  was  mixed  with  absolute  alcohol,  the  solution  was  filtered  off  from  the  potassium  chlo¬ 
ride,  and  the  alcohol  was  distilled  off  in  vacuum.  The  residue  was  dehydrated  with  the  aid  of  absolute  alcohol, 
and  subjected  to  esterification  with  5%  alcoholic  solution  of  hydrogen  chloride.  Upon  removal  of  the  alcohol,  a 
glassy  light  brown  mass  was  obtained,  which  was  the  hydrochloride  of  the  ester. 

To  isolate  the  free  base,  the  mass  obtained  was  dissolved  in  40  ml  of  chloroform;  5  g  of  potassium  carbon¬ 
ate  and  2,5  ml  of  water  were  added  to  the  solution,  and  then  the  mixture  was  shaken  for  2  hr.  Then  the  chloro¬ 
form  extract  was  dried  with  potassium  carbonate  and  the  chloroform  was  distilled  off  in  vacuum.  The  light  brown 
oil  that  remained  was  dissolved  in  20  ml  of  absolute  ether,  the  solution  was  decanted  from  the  undissolved  dark 
brown  tarry  mass,  the  solvent  was  distilled  off.  and  the  residue  was  dried  in  vacuum  at  70*.  Yield  2.6  g  (75.4%). 

The  product  was  a  light  yellow  mobile  oil,  readily  soluble  in  water,  alcohol,  ether,  and  chloroform,  n*®D 
1,4825,  The  material  was  not  vacuum  distilled,  in  order  to  avoid  losses  associated  with  the  formation  of  by¬ 
products  of  a  lactam  nature. 

Found  %;  N  10.52.  C|4H2j02N2.  Calculated  %;  N  10.93, 

The  compound  obtained  did  not  form  crystalline  salts  with  picric  or  hydrochloric  acids.  When  it  was  treated 
with  acetic  anhydride,  the  N-acetyl  derivative  (Ula)  was  formed  as  a  colorless  mobile  oil. 

B.p.  163-165*  (0.3  mm),  d*%  1.0331,  n*°D  1.48  55,  MRp  82,82;  calc.  83.08. 

Found  %;  C  64.30;  H  9.84;  N  9.20.  C16H30O3N2.  Calculated  %;  C  64.38;  H  10.14;  N  9J39. 

8-[4-(0 '-carboethoxyethyl)-N-acetylplperidyl-(3)]ethyltrimethylammonium  iodide  (IVa),  To  a  solution 
of  1.16  g  of  3-(0-dimethylaminoethyi)-4-(l3-carboethoxyethyl)-N-acetylpiperidine  (Ilia)  in  4  ml  of  absolute  al¬ 
cohol  was  added  1,1  ml  of  methyl  iodide  (heat  was  evolved).  The  mixture  was  refluxed  for  2  hr  at  60*  on  a  water 
bath,  then  the  alcohol  and  excess  methyl  Iodide  were  distilled  off  and  the  residue  was  dried  in  vacuum  at  90*. 

1.73  g  of  a  light  yellow,  glassy,  very  hygroscopic  mass  was  obtained,  which  was  readily  soluble  in  water,  alcohol, 
and  chloroform.  Yield  quantitative. 

Found  %:  I  28.4.  C17H33O3N2I.  Calculated  %;  I  28.8. 

Trimethylbetaine  of  6-[3-(fl  *-aminoethyl)piperidyl-(4)]ptopionic  acid  (V).  A  solution  of  1.53  g  of  the 
quaternary  salt  obtained  above  in  4  ml  of  water  was  mixed  with  moist  silver  oxide  prepared  from  1  g  of  silver 
nitrate.  The  mixture  was  shaken  for  3  hr,  then  filtered  off  from  the  precipitate  and  the  filtrate  was  evaporated 
in  vacuum  to  dryness.  The  light  brown  residue  was  mixed  with  50%  alcohol,  filtered  off  from  a  small  amount  of 
gray  sediment,  and  evaporated  to  dryness  in  vacuum  on  a  boiling  water  bath.  1.05  g  of  a  white,  solid,  very  hy¬ 
groscopic  mass  was  obtained,  which  had  the  appearance  of  congealed  foam  and  melted  at  about  80*.  The  sub¬ 
stance  was  readily  soluble  in  water,  alcohol,  and  chloroform;  an  aqueous  solution  showed  a  neutral  reaction  to 
litmus;  it  did  not  form  crystalline  salts  with  picric  or  perchloric  acids. 

This  material,  which  was  the  trimethylbetaine  of  5-[3-(fl '-aminoethyl)-N-acetylpiperidyl-(4)]propionic 
acid,  was  subjected  without  further  purification  to  hydrolysis  by  heating  with  6  ml  of  17%  hydrochloric  acid  on  a 
boiling  water  bath  for  3  hr.  Then  the  solution  was  evaporated  in  vacuum,  absolute  alcohol  was  added  several 
times  to  the  residue  and  then  distilled  off,  after  which  the  residue  was  dissolved  in  water  and  treated  with  moist 
silver  oxide  prepared  from  2  g  of  silver  nitrate.  0,8  g  of  the  trimethylbetaine  of  0-[3-(0  *-aminoethyl)-piperidyI- 
-(4)]propionic  acid  obtained  as  a  white  mass  with  a  slight  yellowish  tint,  which  looked  like  congealed  foam. 
The  material  was  readily  soluble  in  water,  alcohol,  and  chloroform;  it  quickly  deliquesced  in  the  air. 

When  an  alcohol  solution  of  picric  acid  was  added  to  an  aqueous  solution  of  the  compound ,  a  picrate  pre¬ 
cipitated  in  the  form  of  a  yellow  crystalline  powder,  poorly  soluble  in  hot  water  and  hot  alcohol,  and  moderately 
so  in  acetone.  When  an  acetone  solution  was  diluted  with  an  equal  volume  of  ether,  yellow  nodules  of  fine 
needles  precipitated;  m.p.  225-  226*. 

Found  %;  C  42.48;  H  4.96;  N  15.8.  C,3H2602N2  *  2C6H3O7N3.  Calculated  %:  C  42.84;  H  4.61;  N  16.0. 
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6-[4-(6-carboethoxyethyl)-N-acetylpiperidyl-(3)]cthyltrimethylammonium  chloride  (IVb).  2.1  g  of  3- 
-(0 -chloroethyO-4-(6  *-carboethoxyethyi)-N-acetylpiperidine  was  mixed  with  a  solution  of  2,8  g  of  trimethyl- 
amine  in  21  ml  of  methanol,  and  the  solution  obtained  was  heated  in  a  sealed  tube  for  10  hr  at  100-105*.  After 
the  reaction  mixture  had  cooled,  it  was  evaporated  in  vacuum  to  a  volume  of  about  4  ml,  diluted  with  60  ml  of 
ether,  and  left  to  stand  overnight.  The  clear  ether  layer  was  decanted  from  the  thick  yellow  mass;  the  latter  was 
washed  with  etlier  and  dried  in  vacuum  at  80*.  A  glassy  light  brown  mass  was  obtained,  which  was  readily  soluble 
in  water,  alcohol,  and  chloroform;  it  quickly  deliquesced  in  the  air.  Yield  2,05  g  (81%), 

Found  %.  Cl  9.73.  CJ7H33O3N2CI.  Calculated  %.  Cl  10.16, 

Fusion  of  quaternary  salt  with  alkali.  1.9  g  of  the  quaternary  salt  (IVb)  prepared  above  was  mixed  with  a 
solution  of  3.5  g  of  sodium  hydroxide  in  2.5  ml  of  water  in  a  nickel  crucible.  The  mixture  was  gradually  heated 
in  aWood^  metal  bath  to  165*,  and  then  was  stirred  for  20  min  at  165-175*.  From  time  to  time  during  this  proc¬ 
ess  drops  of  water  were  added,  so  that  the  volume  of  the  reaction  mixture  remained  witliin  the  limits  5-6  ml.  At 
approximately  130*  the  odor  of  trimethylamine  appeared.  Upon  further  heating  the  evolution  of  trimethylamine 
increased,  and  the  homogeneous  mass  began  to  separate  gradually  into  two  layers:  The  lower  layer  was  alkali  so¬ 
lution,  and  the  upper  one  organic  material.  The  reaction  mixture  was  cooled  to  approximately  100-120*,  and 
the  organic  mass,  a  semisolid  light  brown  substance,  was  separated  from  the  alkali,  pressed  out  on  filter  paper, 
and  dissolved  in  3  ml  of  water.  A  test  with  permanganate  in  the  presence  of  dilute  sulfuric  acid  showed  only 
traces  of  unsaturated  compound;  consequently,  the  reaction  followed  a  different  course  than  had  been  supposed. 
The  solution  of  the  material  that  was  obtained  was  neutralized  with  hydrochloric  acid  and  evaporated  to  dryness 
in  vacuum.  The  residue  was  mixed  with  absolute  alcohol,  the  solution  was  filtered  off  from  the  inorganic  salts, 
and  the  alcohol  was  evaporated  in  vacuum.  The  residual  glassy  mass  was  esterified  with  a  4%  alcoholic  solution 
of  hydrogen  chloride.  The  free  base  was  isolated  from  the  reaction  mixture  by  the  usual  method,  in  the  form  of 
a  colorless  mobile  oil.  The  material  did  not  contain  a  secondary  amino  group,  and  was  readily  soluble  in  dilute 
miiu  ral  acids  and  the  usual  organic  solvents.  It  agreed  in  analysis  with  the  ethyl  ester  of  0-[l,3-ethylenepiperl- 
dinc-(4)]propionic  acid  (VI),  Yield  0.52  g  (45.2%). 

B.p.  98-100*  (0.3  mm),  d^®^  1.0226,  n^®D  1.4792.  MRd  58.58;  calc.  58.69. 

Found  %:  C  68.45;  H  10.07;  N  6.82.  CijIljAN,  Calculated  %;  C  68.19;  H  10.02;  N  6.63. 

The  picrate  formed  lustrous  yellow  prismatic  plates  (from  alcohol);  m.p,  133-134*. 

As  evidence  of  the  structure  of  the  compound  obtained,  it  was  synthesized  in  the  following  way:  1  g  of  3- 
-(S-chlorocthyl)-4-(6 -carboethoxyethyl)-N-acetylpiperidine  (II)  was  boiled  with  10  ml  of  17%  hydrochloric  acid 
for  3  hr.  Then  the  solution  was  evaporated  in  vacuum,  the  residue  was  dehydrated  by  repeated  addition  of  ab¬ 
solute  alcohol  with  subsequent  removal  by  distillation  in  vacuum,  after  which  it  was  esterified  with  4%  alcoholic 
solution  of  hydrogen  chloride.  After  the  alcohol  had  been  distilled  off,  the  residue  was  dissolved  in  2  ml  of  ice 
water,  made  alkaline  with  concentrated  potassium  carbonate  solution,  and  the  base  that  separated  out  was  ex¬ 
tracted  with  ether.  The  extract  was  shaken  for  a  short  time  with  anhydrous  pulverized  potassium  carbonate;  then 
the  ether  solution  was  filtered  off  and  evaporated  in  vacuum.  0,65  g  of  light  yellow  oil  was  obtained,  which  was 
3-(0-chlorocthyl)-4-(6-carboethoxyethyl)pipcridine,  Since  this  compound  does  not  give  crystalline  salts  with 
picric  and  hydrochloric  acids,  and  is  not  stable  in  the  form  of  the  base,  it  was  subjected  to  cyclization  without 
further  purification.  For  tliis  purpose  the  compound  was  dissolved  in  7  ml  of  dry  pyridine,  and  the  solution  was 
heated  to  gentle  boiling  for  2  hr.  Then  the  pyridine  was  distilled  off  in  vacuum,  the  residue  (0,65  g)  was  mixed 
witli  a  saturated  solution  of  potassium  carbonate,  and  the  oil  that  separated  was  extracted  with  ether  and  dried 
with  potassium  carbonate.  After  the  ether  had  been  distilled  off  in  vacuum,  the  residue  was  distilled  in  vacuum 
at  0.3  mm,  0.47  g  (64.4%)  of  a  colorless  oil  was  collected,  which  boiled  at  98-100*  and  exhibited  properties 
[  b.p.  98-100*1  0,3  mm),n^'’D  1,4790,  m.p.  of  picrate  133-134*]  identical  with  those  of  the  ethyl  ester  of  the  acid 
prepared  by  fusing  the  quaternary  salt  with  alkali. 

Methyl  ester  of  0-[4-(6  *-carboethoxyethyl)-N-acetylpiperidyl-(3)]cthylxanthogenic  acid  (Vnia).  To  a 
solution  of  8,86  g  of  3  -(0-hydroxyethyl)-3-(0 -carbocthoxyethyl)-N-acetylpiperidine  (I)  in  20  ml  of  benzene 
was  added  2.1  ml  of  carbon  bisulfide  and  the  mixture  was  vigorously  shaken  for  15  min  with  a  solution  of  1.83  g 
of  potassium  hydroxide  in  1  ml  of  water.  In  this  process  an  emulsion  was  formed  at  first,  and  then  the  reaction 
mixture  separated  into  two  layers:  the  upper  layer, of  benzene  and  the  lower, a  light  yellow,  thick  oil,  2,6  ml  of 
methyl  iodide  was  added  to  the  reaction  mixture,  and  the  mixture  was  shaken  for  15  min  more,  Methylatlon 
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took  place  very  quickly  and  was  accompanied  by  slight  evolution  of  heat.  The  methyl  ester  of  the  xanthogenic 
acid  that  was  formed  went  into  solution  in  the  benzene  with  the  simultaneous  separation  of  potassium  iodide.  A 
small  amount  of  water  was  added  to  the  mixture  to  dissolve  the  precipitate;  then  the  benzene  layer  was  separated 
off,  washed  with  water  until  it  gave  a  neutral  reaction  to  litmus,  and  the  benzene  was  distilled  off  in  vacuum  at 
40*.  The  oil  obtained  was  dissolved  in  60  ml  of  ether,  and  the  ether  solution  was  washed  with  water  6  times, 
with  10-ml  portions,  to  remove  completely  the  starting  material  (the  starting  material  was  easily  extracted  by 
water  from  the  ether  solution).  The  ether  solution  was  dried  with  potassium  carbonate,  the  ether  was  distilled 
off,  and  the  residue  was  dried  In  vacuum  (0.3  mm)  at  100*.  5.94  g  (64‘7'>)  of  the  methyl  ester  of  d-[4-(3  *- 
-carboethoxyethyl)-N-acetylpiperidyl-(3)]ethylxanthogenic  acid  (Vnia)  was  obtained  in  the  form  of  a  light  yellow, 
thick  oil,  readily  soluble  in  the  usual  organic  solvents. 

d‘®4  1.1611,  n”D  1.5379,  MRq  97.30;  calc.  97.94. 

Found  N  3.93;  S  17.00.  Ci6Hj704NS2.  Calculated  N  3.88;  S  17.70. 

All  the  wash  water  was  combined,  mixed  with  1  ml  of  concentrated  potassium  carbonate  solution,  and  ex¬ 
tracted  with  chloroform  (extract  1).  Then  the  aqueous  solution  was  acidified  with  hydrochloric  acid  to  a  slightly 
acid  reaction  to  Congo, and  the  light  yellow  mass  that  precipitated  was  extracted  with  chloroform  (extract  2). 

From  extract  1  was  Isolated  1.9  g  of  the  starting  material.  From  extract  2  was  obtained  1.63  g  (19*70)  of  a  light 
yellow,  caramellike  mass,  which  proved,  on  analysis,  to  be  the  methyl  ester  of  fl-[4”(8  ’-carboethoxyethyl)-N- 
-acetylplperidyl-(3)]ethylxanthogenic  acid  (Vinb). 

Found  N  4.29;  S  18.40.  C14H23O4NS2.  Calculated  N  4.20;  S  19.20. 

Ethyl  ester  of  racemic  N-acetylhomomeroquinene  (IX).  5.61  g  of  the  methyl  ester  of  6  -[4-(6  *-carbo- 
ethoxyethyl)-N-acetylplperidyl-(3)]ethylxanthogenic  acid  was  placed  in  a  Claissen  flask  and  heated  In  a  vacuum 
at  10  mm  on  aWood's  metal  bath.  When  the  temperature  of  the  bath  reached  175*,  decomposition  began  and  the 
pressure  rose  to  35  mm.  In  a  few  minutes  the  decomposition  came  to  an  end  and  the  pressure  fell  again  to  10  mm. 
To  complete  the  decomposition,  the  temperature  of  the  bath  was  gradually  Increased  to  220*;  then  the  system  was 
switched  over  to  the  oil  pump  and  the  reaction  product  was  distilled  off  at  0.3  mm  on  a  bath,  the  temperature  of 
which  was  gradually  raised  to  270*.  The  distillate  was  redistilled  at  0.3  mm.  1.53  g  of  a  colorless  thick  oil  hav¬ 
ing  the  unpleasant  odor  of  sulfur  compounds  was  collected.  B.p.  165-182*.  To  separate  the  ethyl  ester  of  N- 
-acetylhomomeroquinene  from  the  sulfur-containing  byproducts,  the  oil  obtained  was  mixed  with  100  ml  of 
water; the  aqueous  solution  was  separated  off  from  the  insoluble  oil  and  washed  5  times  with  20- ml  portions  of 
ether.  Then  the  aqueous  solution  was  mixed  with  10  ml  of  saturated  potassium  carbonate  solution,  repeatedly  ex¬ 
tracted  with  ether,  and  the  extract  was  dried  with  potassium  carbonate.  After  the  ether  had  been  distilled  off, 
the  residue  was  distilled  in  vacuum  (0.3  mm).  0.37  g  (9.47o)  of  a  thick  colorless  oil  was  obtained,  which  boiled 
at  approximately  168-172*.  The  material  did  not  contain  sulfur  nor  a  hydroxyl  group;  it  was  readily  soluble  in 
water,  alcohol,  ether,  acetone,  and  chloroform.  A  solution  of  the  material  in  dilute  sulfuric  acid  decolorized  an 
aqueous  solution  of  permanganate.  This  material,  according  to  its  analysis,  was  the  ethyl  ester  of  N-acetylhomo¬ 
meroquinene. 

d*®4  1.0438,  n*®D  1.4822,  MRp  69.17;  calc.  69.44. 

Found  %  C  66.37;  H  9.26;  N  5.72.  C14H23O3N.  Calculated  %  C  66.36;  H  9.16;  N  5.53, 

The  ether  extract  containing  the  sulfur  compounds  was  mixed  with  the  water- insoluble  oily  material,  and 
the  ether  solution  obtained  was  washed  6  times  with  15- ml  portions  of  water  to  remove  completely  the  ethyl  ester 
of  N-acetylhomomeroqulnene,  Then  the  ether  solution  was  dried,  the  ether  was  distilled  off,  and  the  residue  was 
distilled  in  vacuum. 

0.5  g  of  a  colorless  oily  material  was  obtained.  This  material  was  readily  soluble  In  the  usual  organic 
solvents.  According  to  its  analysis,  it  corresponded  to  the  composition  of  3-[4-(0*-carboethoxyethyl)-N-acetyl- 
piperidyl-(3)]ethyl  methyl  sulfide  (X). 

B.p.  181-195*  (0.3  mm),  d*®4  1.0904,  n*®D  1.5055,  MRp  81.93;  calc.  82.49. 

Found  ‘fe  C  59.71;  H  8.75;  N  4.67;  S  9.80.  C15H27O3NS.  Calculated  C  59.75;  H  9.03;  N  4.65;  S  10.62. 
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When  the  compound  obtained  was  treated  with  methyl  iodide,  a  solid,  light  yellow,  very  hygroscopic  mass 
was  obtained,  which  was  readily  soluble  in  water  and  chloroform;  insoluble  in  ether.  Apparently  this  material 
was  a  sulfonium  salt. 

Found  I  29.5.  CigHsoOjNSI.  Calculated  %  I  28.6. 

SUMMARY 

1.  The  use  of  the  xanthogenic  method  for  the  dehydration  of  the  ethyl  ester  of  3-(6 -hydroxyethyl)-4- 
-(8-carbocthoxyethyl)-N-acetylplperidine  with  the  formation  of  the  ethyl  ester  of  racemic  N-acetylhomometo- 
qulncne  has  been  described. 

2.  It  has  been  established  that  when  6-[4-(8  *-carboxyethyl)piperidyl-(3)]ethyltrimethylammonlum  is 
cleaved  in  alkaline  medium,  fl -[l,3-ethylenepipcridyl-(4)]propionic  acid  is  formed.  Consequently,  when  the 
quaternary  base  containing  a  labile  hydrogen  in  the  5  ’-position  breaks  down,  a  five-membered  ring  is  formed 
instead  of  the  ethylene  derivative. 

The  possibility  that  this  reaction  is  of  a  general  nature  and  might  prove  to  be  useful  for  the  production  of 
five-  and  six-membered  tings  is  not  excluded, 
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In  a  previous  communication  [Ij  we  described  the  synthesis  of  3-(a-diethylaminoethyl)pyridine  and  its  con¬ 
version  to  3-vinylpipcridine. 

3-(a-Diethylaminocthyl)-4-methylpyridine  (I)  can  serve  as  the  starting  material  for  the  preparation  by  a 
similar  method  of  4-substituted  3-vinylpiperidines  (meroqulnene,  homomeroquinene,  etc,). 

The  present  paper  is  devoted  to  the  description  of  a  practicable  method  for  the  synthesis  of  (I)  and  to  a 
study  of  some  reactions  of  the  intermediate  compounds.  The  conversions  carried  out  can  be  represented  by  the 
diagram  shown  on  the  following  page. 

As  the  starting  material  we  used  trichlorocollidine  (II)  [2],  which  was  converted  to  3-(a-hydroxyethyl)-4- 
-methylpyridine  (XVIII)  by  tliree  different  routes. 

As  we  have  shown  previously  [3],  when  (II)  is  treated  with  an  alcoholic  solution  of  sodium  hydroxide,  it  is 
converted  with  a  98^o  yield  to  2,6-dichloro-3-vinyl-4-mcthylpyridine  (III),  which  readily  adds  a  molecule  of 
bromine  at  the  double  bond  to  form  2,6-dichloro-3-(a ,6 -dibromoethyl)-4-methylpyridine  (IV), 

Preliminary  experiments  showed  that  the  addition  of  hydrogen  chloride  at  the  double  bond  when  an  acetic 
acid  solution  of  (III)  was  saturated  with  gaseous  hydrogen  chloride  took  place  with  a  yield  of  about  13*70,  Carrying 

•  Original  Russian  pagination.  See  C,B.  translation. 
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out  the  reaction  in  a  sealed  tube  at  140*  made  it  possible  to  increase  the  yield  to  32^o.  In  both  cases,  apparently 
as  a  result  of  steric  hindrance  ,  2,6-dichloro-3-(0 “chloroethyl)-4-methylpyridine  was  formed,  and  not  2.6-dichloro- 
-3-(a-chloroethyi)-4-methylpyridine,  as  would  be  expected  in  accordance  with  the  Markovnikov  rule. 

Treatment  of  2,6-dichloro-3-vlnyl-4-methylpyridine  (HI)  with  an  aqueous  solution  of  calcium  hypochlo¬ 
rite  containing  1,7  gram- atoms  of  active  chlorine  per  mole  of  (ni)  led  to  the  formation  of  a  mixture  of  the  start¬ 
ing  material,  2,6-dichloro-3-(a,fl-dichloroethyl)-4-methylpyridine.  and  the  corresponding  chlorohydrin. contain¬ 
ing  about  4%  of  the  last-named  compound  (based  on  data  from  an  analysis  for  labile  hydrogen).  The  use  of  1 
gram- atom  of  active  chlorine  per  mole  of  (HI)  increased  the  amount  of  (m)  that  did  not  react.  The  main  prod¬ 
uct  of  the  reaction  of  (in)  with  calcium  hypochlorite  in  this  case  also  was  2,6-dichloro-3-(ct,8-dichloroethyl)- 
-4-  methylpyridine. 

Experiments  on  the  dehydrohalogenation  of  2,6-dichloro-3-(a,8-dibromoethyl)-4-methylpyrldine  (IV)  and 
2,6-dichloro-3-(oi,fl-dichloroethyl)-4-methylpyridine  showed  that  in  both  instances  the  splitting  out  of  the  first 
molecule  of  hydrogen  halide  took  place  readily  under  the  influence  of  an  alcoholic  solution  of  sodium  hydroxide 
at  room  temperature.  The  position  of  the  halogen  atom  remaining  in  the  side  chain  in  (V)  and  (VI)  was  demon¬ 
strated  in  the  case  of  (VI)  by  catalytic  reduction  of  2,6-dichloro-3-(fl -chlorovinyl)-4- methylpyridine  (VI)  with 
the  calculated  amount  of  hydrogen  to  trichlorocol Udine  (II), 

The  lability  of  the  halogen  in  the  side  chain  of  2. 6-dichloro-3-(fl-chlorovinyl)-4- methylpyridine  and  2.6- 
-dichloro-3-(6-btomovinyl)-4-methylpyridine  is  practically  the  same  as  the  lability  of  the  chlorine  atom  in  the 
pyridine  ring,  as  a  result  of  which  the  selective  dehydrohalogenation  of  these  compounds  with  sodium  hydroxide 
in  ethyl  and  isoamyl  alcohols  could  not  be  carried  out. 

By  oxidation  of  2, 6-dichloro-3- vinyl- 4- methylpyridine  with  potassium  permanganate  in  acetone  solution 
we  obtained  2,6-dichloro-4-methylnicotinic  acid  (VII),  This  acid,  in  contrast  to  4- methylnicotinic  acid,  on  re¬ 
action  with  thionyl  chloride  smoothly  formed  the  acid  chloride:  The  hydrogen  of  the  y  -  methyl  group  was  not 
replaced  by  chlorine  [4,5],  Treatment  of  the  2,6-dichloro-4-methylnicotinyl  chloride  with  anhydrous  alcohol 
led  to  the  formation  of  the  ethyl  ester  of  2,6-dlchloro-4- methylnicotinic  acid  (VIII)  in  91*70  yield. 
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When  (VIII)  was  reacted  with  hydrazine  hydrate  at  room  temperature,  even  in  the  case  of  equimolar  quanti¬ 
ties  of  the  starting  materials,  the  reaction  product  was  the  dihydrochloride  of  3,4-(€’-hydrazino-4’-methylpyrl- 
dino-2’,3')pyrazolone-5  (IX).  An  increase  in  the  amount  of  hydrazine  hydrate  introduced  into  the  reaction  made 
it  possible  to  raise  the  yield  of  (IX)  to  93.5*70.  This  reaction  apparently  can  also  be  used  for  the  synthesis  of  other 
derivatives  of  the  condensed  pyridinopyrazolone  system. 

Dehalogenation  of  2,r)-dichloro-4-methylnicotinic  acid  both  with  Raney  nickel  as  a  catalyst, under  pressure, 
and  in  the  presence  of  palladium,  led  to  4-methylnicotinic  acid  (X),  identical  with  (X)  prepared  from  lepidine 
through  4-methylquinolinic  acid  [6].  The  ethyl  ester  of  4-methylnicotinic  acid  (XI)  was  converted  by  a  method 
mentioned  in  the  literature  [6]  to  3-acetyl-4-methylpyridine  (XII).  In  accordance  with  the  literature  data  [7], 
the  condensation  of  ethyl  acetate  with  (XI)  proceeded  less  smoothly  than  with  other  esters  of  the  pyridinecarboxylic 
acids.  The  yield  of  3-acetyl-4-methylpyridine  did  not  exceed  In  the  presence  of  platinum  catalyst  (XII) 
was  reduced  to  3-(a-hydroxyethyl)-4-methylpyridine  (XVIII)  [4,8 J. 

The  total  yield  of  (XVIII)  when  synthesized  by  the  first  route  from  trichlorocollidine  through  2,6-dIchloro- 
-3-vinyl-4-methylpyridine  (lU),  2,6-dichloro-4-mcthylnicotinic  acid  (vn),  4-methylnicotinic  acid  (X),  its  ethyl 
ester,  and  3-acetyl-4-mcthylpyridine  (XII)  was  13*70,  based  on  the  trichlorocollidine. 

The  synthesis  of  3-(a-hydroxycthyl)-4-methylpyridine  (XVIII)  by  the  second  route  was  based  on  the  con¬ 
version  of  trichlorocollidine  through  3-(6 -chlorocthyl)-4-metliylpyridine  (XIII)  to  3-vinyl-4-methylpyridine 
(XIV)  [2],  Compound  (XIV),  in  contrast  to  the  corresponding  2,6-dichloro  derivative  (III),  when  it  was  reacted 
with  calcium  hypochlorite  formed  the  chlorohydrin  (XV)  in  76*70  yield.  The  3-(a-hydroxy-0 -chloroethyl)-4- 
-methylpyridinc  (XV)  obtained  in  this  way  was  converted  by  treatment  with  an  alcoholic  solution  of  sodium  hy¬ 
droxide  to  3-acctyl-4-methylpyridine  which,  as  in  the  synthesis  by  the  first  route,  was  reduced  to  3-(a-hydroxy- 
ethyl)-4-mcthylpyridine  (XVIII).  The  total  yield  of  (XVIII)  based  on  trichlorocollidine  was  10*7o  in  this  case. 

It  proved  to  be  much  more  convenient  to  prepare  3-(a-hydroxyethyl)-4-methylpyridine  (XVIII)  from  tri- 
chlorocollidine  (II)  by  the  third  route:  through  2,6-dichloro-3-vinyl-4-methylpyridine  (III),  2,6-dichloro-4- 
-mcthylnicotinic  acid  (VII),  and  2,G-dichloro-3-acetyl-4-mcthylpyridine  (XVI).  Compound  (XVI)  was  prepared 
by  tlic  reaction  of  2,G-dichloro-4-meiliylnicotinyl  chloride  and  ethoxymagnesiuinmalonic  ester, with  subsequent 
hydrolysis  and  decarboxylation  of  the  2,6-dichloro-4-mcthyl-3-(fl  ,6 -dicarboethoxyacctyDpyridine  that  was 
formed,  by  boiling  it  in  a  mixture  of  acetic  and  sulfuric  acids.  When  (XVI)  was  reacted  with  sodium  borohydrlde, 
only  the  keto  group  was  reduced,  but  when  (XVI)  was  hydrogenated  in  the  presence  of  palladium  catalyst,  dehalo¬ 
genation  took  place,  as  well  as  reduction  of  the  keto  group,  and  3-(a-hydroxyethyl)-4-methylpyridine  (XVIII) 
was  formed  in  quantitative  yield.  The  total  yield  of  (XVIII)  based  on  trichlorocollidine,  by  the  third  route  was  44.3*70, 

Reaction  of  3-(a-hydroxyethyl)-4-mcthylpyridine  hydrochloride  with  thionyl  chloride  led  to  the  formation 
of  3-(a-chloroeihyl)-4-mcthylpyridine  hydrochloride  (XIX)  in  quantitative  yield,  and  treatment  of  (XIX)  with  an 
excess  of  dicthylamine  in  a  sealed  tube  at  120*  permitted  preparation  of  3-(a-diethylamlnoethyl)-4-mcthyl- 
pyridine  in  70.57o  yield. 

EXPERIMENT A  L 

2 ,G- Dichloro- 4- methy Inicotinic  acid.  To  57.9  g  of  2,6-dichloro-3-vinyl-4-methylpyridine  in  500  ml  of 
acetone  was  added,  with  stirring,  129.8  g  of  potassium  permanganate  in  13-g  portions,  while  the  temperature  of 
the  reaction  mixture  was  maintained  at  25-30*.  When  the  reaction  was  ended,  the  precipitate  of  manganese  di¬ 
oxide  was  filtered  off  and  washed  with  acetone,  then  boiled  twice  with  150- ml  portions  of  water.  The  water- 
acetone  solution  was  evaporated  in  vacuum  to  a  volume  of  50  ml  and  the  unreacted  2,6-dichloro-3-vinyl-4- 
-metliylpyridine  (14.5  g)  was  extracted  with  ether.  The  aqueous  solution  was  acidified  toCongo  with  concentrated 
hydrochloric  acid  and  extracted  with  ether.  The  extract  was  dried  with  calcined  sodium  sulfate.  After  the  ether 
had  been  distilled  off,  45.6  g  of  a  tloick  oily  material  was  obtained,  which  crystallized  when  triturated  with  toluene. 
By  recrystallization  from  80  ml  of  toluene,  34  g  (71.5*7p)  of  2,6-dichloro-4-methylnicotinic  acid  was  obtained  with 
m.p.  140-141*.  Colorless  crystals.  The  compound  was  readily  soluble  in  ether,  acetone,  chloroform,  ethyl  ace¬ 
tate,  and  alcohol;  poorly  soluble  in  benzene  and  toluene;  insoluble  in  water,  ligroin,  and  petroleum  ether. 

Found  *7c:  C  41.12,  40.68;  H  2.58,  2.62;  N  6.50,  6.75;  Cl  34.42.  C7Hg02NCl2.  Calculated  %  C  40.78; 

H  2.43;  N  6.79;  Cl  34.47. 

The  compound  did  not  form  a  hydrochloride,  picrate,  or  methiodide  under  the  usual  conditions. 
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Ethyl  ester  of  2,6-dichloro-4-methylnicoiinic  acid,  2,5  g  of  2,6-dichloro-4-methylnicotinic  acid  was 
boiled  for  1  hr  with  16  ml  of  purified  thionyl  chloride.  The  solution  obtained  was  evaporated  in  vacijum  and  the 
residual  thionyl  chloride  was  removed  by  twice  adding  benzene  and  subsequently  distilling  it  off  in  vacuum.  The 

2.6- dichloro-4-mcthylnicotinyl  chloride  obtained  in  this  way  was  boiled  with  20  ml  of  anhydrous  alcohol  for 
3,5  hr.  Then  the  solution  was  evaporated  in  vacuum  and  the  residue  was  treated  with  potassium  carbonate 
solution  and  extracted  with  ether.  The  ether  extract  was  dried  with  calcined  sodium  sulfate,  the  ether  was  dis¬ 
tilled  off,  and  the  ethyl  ester  of  2,6-dlchloro-4-methylnicotinic  acid  was  distilled  in  vacuum,  B.p,  153-154* 

(12  mm).  Yield  2,6  g  (91%), 

The  product  was  a  colorless  oily  liquid,  soluble  in  the  usual  organic  solvents,  insoluble  in  water,  n^°D  1,5243, 

Found  %;  C  46,24,  46,08;  H  4.05,  3,96;  N  6,08, 6,28;  Cl  29.91,  C9H9O2NCI2,  Calculated  %:  C  46.15; 
H3,84;  N  5.98;  Cl  30.34. 

3,4-(6*-Hydrazino-4*-methylpyridino-2*,3*)-pyrazolone-5.  To  a  solution  of  1.6  g  of  the  ethyl  ester  of 

2.6- dichloro-4-methylnicotinic  acid  in  5  ml  of  alcohol  was  added  0.2  g  of  hydrazine  hydrate.  The  reaction 
mixture  was  left  at  room  temperature  for  12  hr.  Crystals  of  3,4-(6’-hydrazino-4'-methylpyridino-2*,3’)-pyrazo- 
lone-5  dihydrochloride  precipitated.  Weight  0.8  g,  m.p,  264-265*  (decomp.).  Another  gram  of  hydrazine  hy¬ 
drate  was  added  to  the  mother  liquor  after  removal  of  the  crystals,  and  the  mixture  was  left  for  6  hr  at  room 
temperature.  Another  0,8  g  of  crystals  precipitated,  m.p.  264-265*  (decomp).  The  total  yield  of  3,4-(6’-hydra- 
zino-4*-methylpyridino-2*,3*)-pyrazolone-5  dihydrochloride  was  1,6  g  (93,5%),  The  product  was  a  white  crystal¬ 
line  material,  poorly  soluble  in  water  and  the  usual  organic  solvents. 

Found  %:  N  27.70,  27.47;  Cl*  27.94,  27.86.  C7H9ON5  •  2HC1.  Calculated  %-  N  27.77;  Cl'  28.17. 

Dehalogenation  of  2,6-dichloro-4-methylnicotinic  acid.  1)  A  solution  of  2  g  of  2, 6-dichloro-4- methyl- 
nicotinic  acid  in  30  ml  of  alcohol  was  hydrogenated  at  18-20*  and  a  pressure  of  20-30  cm  of  water,in  the  pres¬ 
ence  of  palladium  catalyst  prepared  from  2  g  of  palladous  chloride.  The  absorption  of  hydrogen  gradually  slowed 
down.  When  the  reaction  was  ended,  the  catalyst  was  filtered  off  and  the  filtrate  was  evaporated  in  vacuum.  The 
residue  (1,75  g)  was  triturated  with  anhydrous  ether  and  washed  on  the  filter  with  anhydrous  alcohol,  0,7  g  of 
4-methylnicotinic  acid  hydrochloride  was  obtained  as  colorless  crystals,  m,p,  140-141*  (decomp,).  From  the 
ether  solution  after  removal  of  the  ether  we  obtained  1.05  g  of  2, 6-dichloro- 4-methylnicotinic  acid,  m,p.  139to 
140*. 

2)  2.06  g  of  2,6-dichloro-4-methylnicotinic  acid  was  dissolved  in  300  ml  of  0,1  N  sodium  hydroxide  solu¬ 
tion  and  hydrogenated  in  the  presence  of  2  g  of  Raney  nickel  catalyst  at  50*  and  a  pressure  of  10  atm.  The  catalyst 
was  filtered  off;  the  filtrate  was  evaporated  in  vacuum  to  a  volume  of  10  ml  and  acidified  to  Congo  with  concen¬ 
trated  hydrochloric  acid.  Upon  rubbing  with  a  stirring  rod,  a  white  crystalline  precipitate  separated  out,  which 
was  filtered  off  and  washed  with  1  ml  of  water.  0.8  g  (60%)  of  4- methylnicotinic  acid  was  obtained.  Colorless 
crystals,  m,p,  218-219*.*  When  the  mother  liquor  was  evaporated  to  a  volume  of  6  ml,  another  0,6  g  of  4- 

-  methylnicotinic  acid  precipitated,  contaminated  with  inorganic  salts,  m,p.  214-215*. 

3)  Reduction  of  2,06  g  of  2,6-dichloro-4-methylnicotinic  acid  was  carried  out  as  in  experiment  2,  After 
the  catalyst  had  been  removed,  the  solution  was  evaporated  in  vacuum  to  dryness.  To  the  residue  were  added  3 
ml  of  concentrated  sulfuric  acid  and  1  ml  of  anhydrous  alcohol.  The  reaction  mixture  was  boiled  for  6  hr,  after 
which  it  was  pouted  onto  ice,  made  alkaline  (to  phenolphthalein)  with  50%  potassium  carbonate  solution,  and  ex¬ 
tracted  with  ether.  The  ether  extract  was  dried  with  potassium  carbonate.  The  ether  was  distilled  off  and  the 
residue  was  distilled  in  vacuum,  0,9  g  (54,5%)  of  the  ethyl  ester  of  4-methylnicotinic  acid  was  obtained.  Color¬ 
less  mobile  liquid,  b^).  108-109*  (8  mm),*  n^D  1,5070, • 

Picrate,  yellow  crystals  (from  alcohol),  m.p.  137-138*.* 

2,6-Dichloro-3-acetyl-4- methylpyrldine.  The  2,6-dichloro-4-methylnicotinyl  chloride  prepared  as  de¬ 
scribed  above  from  17  g  of  the  acid  was  dissolved  in  50  ml  of  anhydrous  benzene  and  added  to  ethoxymagnesium- 


*In  the  literature  the  following  data  are  given  for  the  m,p,  of  4-methylnicotinic  acid;  218-219*  [4];  211-213* 

[9];  215-216*  [8],  For  the  ethyl  ester  of  4-nicotinlc  acid  the  values  given  are;  b.p,  100-103*  (5  mm),  n^D  1,5079; 
picrate,  m,p,  137-138*  [4];  b.p.  118*  (12  mm);  picrate,  m.p.  137*  [7], 
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malonlc  ester  prepared  from  16  g  of  malonic  ester,*  The  reaction  mixture  was  heated  for  1  hr  on  a  boiling 
water  bath,  after  which  it  was  evaporated  at  a  residual  pressure  of  5  mm  and  100*.  The  2,6-dichloro-4-methyl- 
-3-lfl  ,6-dicarboethoxyacetyl)pyridine  was  hydrolyzed  and  partially  decarboxylated  by  boiling  for  12  hr  with  20 
ml  of  glacial  acetic  acid  and  5  ml  of  concentrated  sulfuric  acid.  The  reaction  mixture  was  evaporated  in  vacuum. 
The  residue  was  neutralized  with  SO^Jo  jx)tassium  carbonate  solution,  extracted  with  ether,  and  the  extract  was 
dried  with  potassium  carbonate.  After  the  solvent  had  been  removed,  the  2,6-dichloro-3- acetyl-4- me thylpyri- 
dine  was  distilled  in  vacuum,  B,p,  156-158*  (18  mm).  Yield  10,5  g  (62,77o). 

The  product  was  a  colorless  oily  material,  readily  soluble  in  the  usual  organic  solvents,  insoluble  in  water; 
n*°D  1,5457, 

Found  ‘7o:  C  47,31,  47,16;  H  3,62,  3,47;  N  6,67,  6,72,  CgllTONClj,  Calculated  C  47,06;  H  3,43;  N  6,86. 

The  compound  did  not  form  a  hydrochloride,  picrate,  or  methiodide  under  the  usual  conditions. 

2,6-Dichloro-3-(a-hydroxyethyl)-4-methylpyrldine,  To  a  solution  of  2,6  g  of  2,6-dichloro-3-acetyl-4- 
-methylpyridine  in  10  ml  of  methanol  was  added  2,6  g  of  sodium  borohydride  over  a  period  of  10  min  at  room 
temperature,  with  stirring.  The  reduction  process  proceeded  with  the  evolution  of  heat  and  foaming  of  the  re¬ 
action  mixture.  The  methanol  was  distilled  off  in  vacuum.  The  residue  was  treated  with  20  ml  of  water  and  ex¬ 
tracted  with  ether.  The  ether  extract  was  dried  with  potassium  carbonate  and  evaporated  in  vacuum.  The  residue 
distilled  at  152-153*  (5  mm).  Yield  of  2,6-dichloro-3-la-hydroxyethyl)-4-methylpyridlne  2,5  g  (96*70),  When 
the  compound  was  triturated  with  petroleum  ether,  it  completely  crystallized.  Colorless  crystals,  insoluble  in 
water  and  petroleum  ether;  readily  soluble  in  ether,  acetone,  alcohol,  chloroform,  and  benzene;  m,p,  95-96*. 

Found  ‘7n:  C  46.43,  46.25;  H  4.58,  4.63;  N  6.70,  7.05;  Cl  34.71, 34.66;  OH  8.42,  8.10.  CgHjONClj. 
Calculated  C  46.60;  II  4.37;  N  6,79;  Cl  34.46;  OH  8.25. 

The  compound  did  not  form  a  hydrochloride,  picrate,  or  methiodide  under  the  usual  conditions. 

Reaction  of  2,6-dlchloro-3-vinyl-4-mcthylpyridine  with  hydrogen  chloride,  1)  A  solution  of  4.9  g  of  2,6- 
-dichloro-3-vinyl-4-mcihylpyridlne  in  30  ml  of  glacial  acetic  acid  was  saturated  for  10  hr  at  18-20*  with  dry 
hydrogen  chloride.  The  reaction  mixture  was  left  for  24  hr,  after  which  it  was  poured  into  150  ml  of  water.  The 
mixture  was  extracted  with  chloroform.  The  chloroform  extract  was  washed  with  25*70  potassium  carbonate  solu¬ 
tion  and  dried  with  calcined  potassium  carbonate.  The  chloroform  was  distilled  off.  The  residue  was  fractionally 
distilled  in  vacuum.  The  fractions  collected  were  as  follows:  1st  fraction,  b.p,  142-143*  (16  mm),  weight  3,7  g. 
The  material  gave  a  positive  reaction  for  a  double  bond  with  potassium  permanganate  and  was  the  starting  ma¬ 
terial,  2,6-dichloro-3-vinyl-4-methylpyridinc,  2nd  fraction,  b.p.  149*  (5  mm),  weight  0,75  g  (12,8*70),  The  ma¬ 
terial  crystallized:  m.p,  69*.  The  compound  obtained  was  trichlorocollidine.  When  a  mixed  sample  2,6-dlchloro- 
-3-(S -chloroethyl)-4-mcthylpyridine  (trichlorocollidine)  was  melted,  no  depression  in  melting  point  was  observed, 

2)  3,7  g  of  2,6-dichloro-3-vlnyl-4-methylpyridine  was  dissolved  in  25  ml  of  glacial  acetic  acid  saturated 
with  hydrogen  chloride.  The  reaction  mixture  was  heated  in  a  sealed  tube  at  140*  for  6  hr.  The  treatment  was 
as  in  experiment  1,  2,2  g  of  2,6-dichloro-3-vinyl-4-mcthylpyridine  and  1,4  g  (32*70)  of  trichlorocollidine  with 
m.p.  69®  were  obtained, 

2,6-Dichloro-3-(6  -btomovinyl)-4- methylpyridine.  To  18,7  g  of  2,6-dichloro-3-(a,8 -dibromomethyl)-4- 
-methylpyridine  in  20  ml  of  anhydrous  alcohol  was  added  a  solution  of  2.5  g  of  sodium  hydroxide  in  60  ml  of  an¬ 
hydrous  alcohol.  The  reaction  mixture  spontaneously  heated  up  and  a  precipitate  of  sodium  bromide  separated 
out,  mixed  with  2, 6-dlchloro-3-(6 -bromovinyl)- 4- methylpyridine,  which  is  poorly  soluble  in  cold  alcohol.  After 
standing  for  30  min  at  18-20*,  the  reaction  mixture  was  heated  to  boiling  and  the  sodium  bromide  was  filtered 
off.  The  alcoholic  filtrate  was  evaporated  in  vacuum.  The  2,6-dlchloro-3-(6 -bromovinyl)-4-methylpyrldlne 
was  distilled,  b.p,  158-160*  (27  mm).  Yield  12,7  g  (97*7’).  When  rubbed  with  a  stlning  rod,  the  compound  crystal¬ 
lized. 


•  The  ethoxymagneslummalonic  ester  was  prepared  in  the  following  way:  3,6  g  of  magnesium  turnings,  activated 
with  iodine  and  3  drops  of  carbon  tetrachloride,  were  heated  with  50  ml  of  anhydrous  alcohol  at  90-100*  until 
the  magnesium  was  completely  converted  to  magnesium  ethylate.  Then  16  g  of  malonic  ester  was  added  and 
heated  for  1  hr  at  100*.  The  excess  alcohol  was  distilled  off  at  50*  (10  mm). 
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The  product  formed  colorless  crystals,  m^),  109-110*,  readily  soluble  in  ether,  acetone,  benzene,  toluene, 
and  chloroform  ; poorly  soluble  in  alcohols;  Insoluble  in  water. 

Found  C  36,33;  H  2,43;  N  5,20;  Cl  26.09;  Br  29.63,  CjHsNCljBr.  Calculated  ‘7c-  C  35.95;  H  2.25; 

N  5.24;  Cl  26.59;  Br  29.96. 

The  compound  gave  a  positive  reaction  for  a  double  bond  (with  KMn04),  and  did  not  form  a  hydrochloride, 
picrate,  or  methlodide  under  the  usual  conditions. 

2,6-Dichloro-3-(fl -chlorovinyl)-4-methylpyridine,  1)  To  a  mixture  of  28,2  g  of  2,6-dichloro-3-vlnyl- 
-4-methylpyridine  and  70  ml  of  water,  vigorously  stirred  in  an  atmosphere  of  carbon  dioxide  gas,  was  added  over 
a  period  of  1  hr  at  room  temperature  220  ml  of  an  aqueous  solution  of  calcium  hypochlorite  containing  9.24  g  of 
active  chlorine.  The  reaction  mixture  was  stirred  for  1  hr  more  at  18-20*,  acidified  toCongo  with  nitric  acid, 
and  extracted  with  ether.  The  ether  was  distilled  off  and  the  residue  was  distilled  in  vacuum.  The  fraction  boil¬ 
ing  at  171-190*  (13  mm)  was  collected,  23.45  g  of  2,6-dichloro-3-(a,0-dichloroethyl)-4-methylpyridine  and 
the  corresponding  chlorohydrin  were  obtained,  including  about  4®^  of  the  latter  (determined  from  the  labile  hy¬ 
drogen  content). 

17,3  g  of  the  mixture  obtained  with  b.p,  171-190*  (13  mm)  was  dissolved  in  10  ml  of  anhydrous  alcohol 
and  treated  at  room  temperature  with  5.4  g  of  sodium  hydroxide  in  20  ml  of  anhydrous  alcohol.  When  this  was 
done,  heat  was  evolved  and  sodium  chloride  precipitated.  After  standing  for  30  min  at  18-20*,  the  sodium  chlo¬ 
ride  was  filtered  off  and  the  alcohol  was  distilled  off  in  vacuum.  The  residue  was  recrystallized  from  methanol. 
Yield  of  2,6-dichloro-3-(0 -chlorovinyl)-4-methylpyridine  14,71  g  (41,58‘7o,  calculated  on  the  basis  of  2,6-di- 
chloro-3-vinyl-4-methylpyridine).  Colorless  crystals,  m.p,  88-89*,  b.p,  149-150*  (7  mm).  The  compound  was 
readily  soluble  in  ether,  acetone,  chloroform,  and  benzene  ;less  soluble  in  alcohols;  insoluble  in  water. 

Found  %  C  43.28  ,  43.02;  H  2,79,  2.52;  N  6.30;  Cl  47.77,  47.97.  CgHeNClj.  Calculated  ‘7o:  C  43.16; 

H  2.69;  N  6.29;  Cl  47.84. 

2)  28.8  g  of  2,6-dichloro-3-vlnyl-4-methylpyridlne  was  treated  with  133  ml  of  an  aqueous  solution  of 
calcium  hypochlorite  containing  5,6  g  of  active  chlorine, under  the  conditions  described  in  experiment  1,  After 
acidification  of  the  reaction  mixture  with  nitric  acid  and  extraction  with  ether,  we  obtained  34,7  g  of  a  mixture 
of  products,  which  was  treated,  without  preliminary  fractionation  in  vacuum,  with  10.4  g  of  sodium  hydroxide  in 
60  ml  of  anhydrous  alcohol.  After  standing  at  room  temperature  for  30  min,  the  sodium  chloride  that  had  pre¬ 
cipitated  during  the  reaction  was  filtered  off.  The  alcoholic  filtrate  was  evaporated  in  vacuum.  The  residue  was 
distilled.  The  following  fractions  were  collected;  1st  fraction,  b.p,  142-143*  (16  mm),  weight  10,45  g  (36.3‘7>), 
was  the  starting  2,6-dlchloro-3-vlnyl-4-methylpyridine;  2nd  fraction,  b.p,  149-150*  (7  mm),  weight  7,02  g 
(18*70),  crystallized  when  triturated  with  alcohol.  M.p.  88-89*.  A  mixed  sample  with  2,6-dichloro-3-(fl-chloro- 
vlnyl)-4-methylpyridine  obtained  in  experiment  1  gave  no  depression  in  melting  point. 

Hydrogenation  of  2,6-dichloro-3-(0 -chlorovinyl)-4-methylpyridine.  3  g  of  2,6-dichloro-3-(0-chloro- 
vlnyl)-4-methylpyridine  in  80  ml  of  dioxane  was  hydrogenated  in  the  presence  of  1  g  of  Raney  nickel  catalyst 
at  room  temperature,  and  a  pressure  of  25-30  cm  of  water.  After  1  mole  (0.3  liter)  of  hydrogen  had  been  ab¬ 
sorbed,  the  hydrogenation  was  discontinued.  The  catalyst  was  filtered  off,  the  filtrate  was  evaporated  in  vacuum, 
and  the  residue  was  distilled.  B,p,  159-161*  (10  mm),*  Yield  2,95  g  (98*7o),  The  compound  crystallized,  m.p, 
69-70*,*  A  mixed  sample  with  trichlorocollidine  gave  no  depression  in  melting  point, 

3-(a  -  Hydroxy-  B  -chloroethy  1 )-  4-  methylpyridine ,  To  a  solution  of  4.5  g  of  3-vinyl-4-methylpyridine  in 
30  ml  of  water  was  added,  at  room  temperature  with  vigorous  stirring  in  an  atmosphere  of  carbon  dioxide  gas, 
drop  by  drop  over  a  period  of  10  min,  26  ml  of  an  aqueous  solution  of  calcium  hypochlorite  containing  1,06  g  of 
active  chlorine,  A  few  minutes  after  the  reaction  started,  the  solution  became  turbid  and  an  oily  precipitate 
began  to  separate  out.  After  the  mixture  had  been  stirred  for  2  hr  at  18-20*,  the  precipitate  crystallized.  The 
reaction  mixture  was  treated  with  50*70  potassium  carbonate  solution  and  extracted  with  chloroform.  The  dried 
chloroform  solution  was  treated  with  an  alcoholic  solution  of  hydrogen  chloride  until  there  was  an  acid  reaction 


•In  the  literature  the  following  data  are  given;  m^,  69-70*,  b.p.  160-161*  (10  mm)  [2], 
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to  Congo,  and  then  was  evaporated  to  dryness.  The  residue  was  recrystallized  from  anhydrous  alcohol.  4,8  g 

01  3-(a-hydroxy-8-chloroethyl)-4-methylpyridine  hydrochloride  was  obtained.  Colorless  crystals,  m,p, 

153- 154*.  The  compound  was  readily  soluble  in  water,  poorly  soluble  in  acetone  and  alcohol,  insoluble  in  ether. 

Found  %  C  46.27,  46.59;  H  5.55,  5.25;  N  6.50,  6,62;  Cl  33.82.  CgHjoONCl  •  HCl,  Calculated  %  C  46.16; 
H  5.29;  N  6.73;  Cl  34.13. 

3-Acetyl-4-methylpyridine,  4.2  g  of  3-(a-hydroxy-0-chloroethyl)-4-methylpyrldlne  was  boiled  for  5  min 
with  2,1  g  of  sodium  hydroxide  in  40  ml  of  anhydrous  alcohol.  The  sodium  chloride  that  precipitated  was  filtered 
off.  The  alcoholic  filtrate  was  evaporated  in  vacuum.  The  residue  was  treated  with  16*70  sodium  carbonate  solu¬ 
tion  and  extracted  with  ether.  The  ether  extract  was  evaporated  in  vacuum  and  fractionally  distilled,  A  fraction 
boiling  at  100-102"  (8  mm)*  was  collected.  Yield  of  3-acetyl-4-methylpyridine  0,75  g  (31*70),  Colorless  oily 
material,  soluble  in  the  usual  organic  solvents  and  in  water;  n^°D  1,5326, 

The  compound  gave  a  negative  Bcilstein  test  for  chlorine  and  was  identical  with  3-acetyl-4-methylpyri- 
dlnc  synthesized  as  described  in  the  literature  [7]  from  the  ethyl  ester  of  4- methylnicotinic  acid  in  35*7®  yield, •• 

Picrate,  yellow  crystals,  m.p,  145-147*. 

Found  *7o:  N  15.40.  CgHgON  •  CgHgOjNg.  Calculated  *7o;  N  15.38. 

3-(a-Hydroxyethyl)-4-mcthylpyridine.  1),  A  solution  of  3.3  g  of  3-acetyl-4-methylpyridlne  in  60  ml  of 
distilled  water  was  hydrogenated  at  18-20*  and  a  pressure  of  25-30  cm  of  water, in  the  presence  of  platinum  cata¬ 
lyst  prepared  as  described  by  Adams,  The  catalyst  was  filtered  off  and  the  filtrate  was  treated  with  5  ml  of  con¬ 
centrated  hydrochloric  acid  and  evaporated  in  vacuum.  The  crystalline  residue  was  washed  with  anhydrous  ace¬ 
tone.  3.9  g  (95*70  of  3-(a-hydroxyethyl)-4-methylpyridinc  hydrochloride  was  obtained.  Colorless  crystals,  m.p, 

154- 155*.  The  compound  was  readily  soluble  in  water  and  alcohols;  insoluble  in  ether,  acetone,  benzene,  and 
chloroform. 

Found  *7o:  Cl*  20.37.  CgHnON  •  HCl.  Calculated  %  Cl*  20.46. 

The  base  was  an  oily,  colorless  compound  with  an  aromatic  odor,  b.p.  140-142*  (3  mm),*  *  * 

2)  A  solution  of  9.4  g  of  2,6-dichloro-3-acetyl-4-methylpyridlnc  in  70  ml  of  alcohol  was  hydrogenated 
at  18-20"  and  a  pressure  of  25-30  cm  of  water, in  the  presence  of  palladium  catalyst  prepared  from  4.8  g  of  pal- 
ladous  chloride.  Tlie  reaction  mixture  was  treated  as  described  above.  Yield  of  3- (oc-hydroxyethyl)- 4- methyl- 
pyridine  hydrochloride  7,99  g  (100*7o),  m.p,  154-155".  The  compound  gave  no  depression  in  melting  point  when 
mixed  with  3-(a-hydroxyethyl)-4-methylpyridlne  prepared  by  the  reduction  of  3-acetyl-4-mcthylpyrldlne, 

3)  2,6  g  of  2,6-dichloro-3-(a-hydroxyethyl)-4-methylpyridlne  was  hydrogenated  in  20  ml  of  alcohol  at 
18-20"  and  a  pressure  of  25-30  cm  of  water, in  the  presence  of  palladium  catalyst  prepared  from  2  g  of  palladous 
chloride.  Yield  of  3-(ot-hydroxyethyl)-4-methylpyridine  hydrochloride  2,17  g  (100  7').  m.p,  154-155*. 

3-(a-Chloroethyl)-4-methylpyridine,  To  a  mixture  of  1,7  g  of  3-(ot-hydroxyethyl)-4-mcthylpyridine  hy- 
drocltloride  in  20  mi  of  anhydrous  benzene  was  added  2,3  g  of  thionyl  chloride.  The  reaction  mixture  was  left 
at  13-20*  for  12  hr,  then  heated  for  2  Itr  at  60*  and  evaporated  in  vacuum.  Yield  of  3-(a-chloroethyl)-4-methyl- 
pyridine  hydrocliloride  1,92  g  (1007i?).  Colorless  crystals,  m.p,  162-162,5*  (from  acetone).  The  compound  was 
soluble  in  water,  alcohols,  and  chloroform;  poorly  soluble  in  acetone;  insoluble  in  ether  and  benzene. 

Found  7(^  C  50.28;  H  5.91;  N  7.15;  Cl  37.28,  CgHjoNCl  •  HCl.  Found  *7^.  C  50.00;  H  5.72;  N  7.29;  Cl 
36,98. 

3-(a-Diethylamlnocthyl)-4-methylpyridine,  A  mixture  of  1,7  g  of  3-(a-chloroethyl)methylpyridlne  hy¬ 
drochloride  and  20  g  of  diethylaminc  was  heated  for  10  hr  in  a  sealed  tube  at  120*.  The  contents  of  the  tube 
were  treated  with  507o  potassium  carbonate  solution  and  extracted  with  ether.  The  ether  solution  was  dried  with 


*In  the  literature  the  following  data  arc  given  for  3- acetyl-4- methylpyridine:  b,p,  100-102*  (8  mm),  picrate 
m.p.  145-147*  [4].  See  also  [7,8], 

*  ‘In  the  literature  [7],  yields  of  35.8  and  23,4*7)  are  reported, 

•  *  'In  the  literature  the  following  data  are  given  for  3- (a -hydroxyethyl)- 4- methylpyridine:  b.p.  139-143*  (3 
mm)  [4];  b.p,  108-110*  (1.2  mm),  hydrochloride,  m.p.  148-149*  [8], 
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calcined  potassium  carbonate  and  evaporated  in  vacuum.  The  residue  was  distilled  at  104*  (4  mm).  Yield  of 
3-(a-diethylaminoethyl)-4-methylpyridine  1,2  g  {10,5^),  Light  yellow  oily  compound,  quickly  turning  dark  in 
the  air.  Readily  soluble  in  the  usual  organic  solvents,  less  soluble  in  water,  n*°D  1,5067. 

Found  %  C  75.12;  H  10.36;  N  14.45.  C^HjoNz.  Calculated  ‘To:  C  75.00;  H  10.42;  N  14.58. 

Dlpicrate,  yellow  crystals,  m,p,  202-203*  (from  alcohol). 

Found  %  N  17.33.  C^HjoNa  •  2C6H3O7N3.  Calculated  %  N  17.23. 

SUMMARY 

1,  Three  schemes  for  the  synthesis  of  3-((x-hydroxyethyl)-4-methylpyridine  from  trichlorocollidine  have 
been  studied:  a)  through  3-(8  -chloroethyl)-4-methylpyridlne,  3-vinyl-4-methylpyridine ,  3-(a-hydroxy-0  -chloro- 
cthyl)-4-methylpyridine,  and  3-acetyl-4-methylpyridine,with  a  total  yield  of  10*^  b)  through  2,6-dlchloro-3- 
-vlnyl-4-methylpyridine,  2,6-dichloro-4-methylnicotinic  acid,  4-methylnicotlnic  acid;  its  ethyl  ester,  and  3- 

-  acetyl- 4- methylpyridine,  with  a  total  yield  of  13*70;  c)  through  2,6-dichloro-3-vinyl-4-mpthylpyrldlne,  2,6- 
-dlchloro-4-methylnicotinic  acid,  and  2,6-dichloro-3-acetyl-4-methylpyridine,  with  a  total  yield  of  44.3*70. 

2,  The  synthesis  of  3-(cx-diethylaminoethyl)'4-methylpyridine  has  been  carried  out,  starting  from  trlchloro- 
collldine,in  six  stages  with  a  total  yield  of  31,2*70, 

3,  The  preparation  of  a  derivative  of  3,4-(pytidino-2*,3*)pyrazolone-5  by  the  reaction  of  the  ethyl  ester 
of  a  substituted  2-chloronicotlnic  acid  with  hydrazine  hydrate  has  been  described. 
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N-Dialkylamlnoalkyl  derivatives  of  phenothiazlne  and  a  series  of  their  analogs  possess  high  pharmacologi¬ 
cal  activity  [1],  Interest  is  therefore  attached  to  the  preparation  of  analogous  compounds  of  the  phenoxazine 


*  Original  Russian  pagination.  See  C3.  translation. 
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series.  Only  a  small  number  of  10-substitutcd  phenoxazines  have  so  far  been  described:  methyl,  ethyl,  phenyl, 
benzyl,  acetyl,  and  a  few  others  [2], 

These  compounds  were  prepared  mainly  by  cyclization  of  N- alkyl-  or  N-aryldiphenylamines,  N-Alkyl- 
-substituted  phenoxazines  werefirst  synthesized  [3]  by  reaction  of  alkyl  halides  with  10-Na-phenoxazine.  The 
latter  was  obtained  by  reaction  of  phenoxazine  with  sodium  amide, 

10-Arylphenoxazines  were  prepared  by  heating  phenoxazine  with  aryl  iodides  in  presence  of  potassium 
carbonate  and  copper  bronze,  10-l3-Diethylaminoethyl)-plienoxazinc  has  also  been  prepared  [4]  by  heating 
phenoxazine  witli  diethylaminoethyl  cliloride  and  solid  sodium  hydroxide. 

With  the  objective  of  preparing  10-(3-dimethylaminopropyl)- phenoxazine,  which  is  of  interest  as  an  ana¬ 
log  of  10-(di!ncthylaminopropyl)-phenothiazinc,  we  carried  out  the  condensation  of  phenoxazine  with  acrylo¬ 
nitrile  and  hydrogenated  the  resulting  10-(2-cyanoethyl)-phcnoxazine  in  presence  of  skeletal  nickel  catalyst  to 
obtain  10-(3-aminopropyl)- phenoxazine.  We  tried  to  methylate  the  latter  with  formalin  and  formic  acid,  but 
obtained  a  substance  insoluble  in  organic  solvents  and  defying  our  attempts  at  purification  and  elucidation  of  its 
structure.  Heating  of  10-(2-cyanocthyl)-phenoxazine  with  concentrated  sulfuric  acid  at  50*  gave  2-(10-phenoxa- 
zyl)-propionamide,  and  boiling  of  the  latter  with  a  mixture  of  methanol  and  concentrated  hydrochloric  acid  con¬ 
verted  it  into  2-(10-phenoxazyl)-propionic  acid.  We  prepared  10-(3-dimcthylaminopropyl)-phenoxazine  by 
heating  phenoxazine  and  3-dimethylaminopropyl  chloride  with  solid  sodium  hydroxide, 

EXPERIMENTAL 

10-(2-Cyanoethyl)-phenoxazine.  In  the  course  of  30  min,  54.2  ml  of  acrylonitrile  was  stirred  into  a  sus¬ 
pension  of  25  g  of  phenoxazine  and  1.5  ml  of  Rodionov  catalyst  (trimethylphenylammonium  hydroxide)  in  50  ml 
of  anliydrous  benzene.  The  mixture  was  boiled  for  an  hour  and  stood  until  the  next  day.  The  precipitate  was 
filtered  and  washed  with  warm  water.  There  was  obtained  25.85  g  {ITk)  of  faint-yellow  crystals,  soluble  in  al¬ 
cohol;  m.p,  123-124"  (from  alcohol). 

Found  %  C  75.60;  11  5.38.  CjeH^ONz.  Calculated  %  C  76.25;  H  5.14. 

10-(3-Aminopropyl)-phenoxazine^  A  mixture  of  25  g  of  10-(2-cyanoethyl)-phenoxazine  and  250  ml  of 
Ih'Vo  alcoholic  ammonia  was  treated  with  hydrogen  at  50*  and  50  atm  in  presence  of  10  g  of  nickel  catalyst  paste. 
After  liydrogen  ceased  to  be  absorbed,  the  catalyst  was  filtered  off,  the  filtrate  evaporated  to  dryness  in  vacuo, 
and  the  residue  distilled  at  1  mm  and  194-200*  to  give  19.4  g  (76,6‘7'>)  of  10-(3-aminopropyl)-phenoxazlne. 
Colorless  crystals  with  m.p.  63-64*,  soluble  in  alcohol. 

Found  V'-.  C  74.47;  H  6.68;  N  11.27.  C15II14ON2.  Calculated  'Vo:  C  75.01;  11  6.71;  N  11.66. 

2-(10-Phcnoxazyl)-propionamide,  A  mixture  of  6,9  g  of  10-(2-cyanoethyl)- phenoxazine  and  22  ml  of 
cone,  H25O4  was  heated  at  50*  for  1,5  lir,  then  cooled  and  poured  onto  ice.  The  precipitate  was  filtered,  washed 
with  water,  and  dried.  Recrystallization  from  alcohol  gave  5,45  g  of  slightly  pinkish  crystals  with  m.p,  173-174*. 

Found  N  11.01.  C15H14O2N2.  Calculated  N  11,03. 

2-(10-Phenoxazyl)-piopionic  acid.  2-(10-Phenoxazyl)-proplonamide  (0.66  g)  was  boiled  for  1,5  hr  with  a 
mixture  of  7,5  ml  of  methanol  and  1  ml  of  concentrated  hydrochloric  acid.  After  the  reaction  mass  had  cooled, 

1  ml  of  40%  sodium  hydroxide  was  added  and  boiling  continued  for  1,5  hr.  The  precipitate  was  filtered  and  the 
filtrate  acidified  with  20%  hydrochloric  acid,  lliere  was  obtained  0,55  g  of  colorless  crystals,  m.p,  138-139* 

(from  methanol). 

Found  %.  C  70.49;  11  5.26;  N  5.59.  C15H13O3N.  Calculated  %  C  70.60;  H  5.13;  N  5.49. 

10-(3-Dimethylaminopropyl)- phenoxazine.  A  mixture  of  15,8  g  of  phenoxazine,  26  g  of  3-dimethylamino¬ 
propyl  chloride,  and  6,9  g  of  solid  sodium  hydroxide  was  heated  for  13  hr  at  100*.  After  cooling,  the  mixture  was 
extracted  with  ether,  the  ethereal  extract  was  washed  with  150  ml  of  water  and  extracted  4  times  with  20-ml 
portions  of  1 0% phosphoric  acid.  To  the  phosphoric  acid  solution  was  added  160  ml  of  water,  followed  by  40% 
alkali  solution,  until  the  liquid  was  alkaline  to  phenolphthalein.  The  alkaline  solution  was  extracted  with  ether 
and  dried  with  calcined  sodium  sulfate.  The  ether  was  driven  off  and  the  residue  distilled  at  0,8-1  mm  and 
184-187*.  The  product  was  soluble  in  anhydrous  ethyl  acetate,  and  the  10-(3-dimethylaminopropyl)-phenoxazine 
hydrochloride  W'as  isolated  by  addition  of  alcoholic  hydrogen  chloride  until  the  mass  was  acid  to  Congo,  It  was 
recrystallized  from  absolute  alcohol.  Yield  6,82  g  of  hydrochloride,  melting  at  100-104*  with  decomp. 
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Found  C  66^2;  H  6.77;  N  11.65.  CitHziONzCI.  C  67.16;  H  6.94;  N  11.63. 

SUMMARY 

1.  Cyanoethylation  of  phenoxazlne  gave  10-(2-cyanoethyl)-phenoxazine,  which  was  reduced  to  10-(3- 
-aminopropyO-phenoxazine.  Hydrolysis  of  the  latter  gave  2-(10-phenoxazyl)-propionamide  and  2-(10-phenox- 
azyl)* propionic  acid. 

2.  Heating  of  phenoxazine  with  3-dimethylamlnopropyl  chloride  in  presence  of  solid  sodium  hydroxide 
gave  10-(3-dimethylaminopropyl)-phenoxazine,  which  was  converted  to  the  hydrochloride. 
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Hydrazino  derivatives  of  phthalazine,  notably  1-hydrazlnophthalazine  [1]  (Apresollne)  and  1,4-dIhydra- 
zinophthalazine  [2]  (Nepresol),  possess  considerable  hypotensive  activity.  It  was  therefore  of  interest  to  prepare 
analogous  pyridazine  derivatives. 

We  prepared  3,6-dihydrazinopyridazine  [3]  from  3,6-dichloropyridazine  in  good  yield  by  the  literature 
method  [4]. 

3,6-Dihydrazinopyridazine  could  not  be  prepared  directly  from  3,6-dichloropyridazlne  by  the  action  of 
hydrazine  hydrate,  since  only  3-chloro-6-hydrazinopyridazine  is  formed  in  an  alcoholic  medium,  while  In  the 
absence  of  a  solvent  a  difficultly  separable  mixture  is  formed ,  comprising  hydrochlorides  of  hydrazine  and  ap¬ 
parently  3,6-dihydrazinopyridazine.  The  excess  of  hydrazine  could  not  be  eliminated  after  conversion  of  the 
reaction  products  to  the  free  bases,  since  the  attempt  led  to  resinification.  Formation  of  a  mixture  of  hydrochlo¬ 
rides  was  avoided  by  converting  3,6-dlchloropyridazine  into  3 ,6-dimethoxypyridazine  [3],  which  was  then  heated 
with  hydrazine  hydrate  to  give  3,6-dihydrazinopyridazine.  The  latter  was  isolated  and  purified  in  the  form  of  its 
dihydrochloride  (m.p.  221-222*)  and  monohydrochloride  (m.p.  232-233*). 

Pharmacological  investigation*  of  3,6-dihydrazinopyridazine  showed  the  preparation  to  be  lacking  in 
pharmacological  activity  of  any  interest. 

Condensation  of  3,6-dihydrazinopyridazine  with  aromatic  aldehydes  gave  a  series  of  monosubstituted  hy- 
drazones;  disubstituted  hydrazones  could  not  be  prepared. 


*In  the  department  of  pharmacology  of  our  institute. 
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2-Butoxy*6-aminopyrldlne  is  known  to  possess  high  tuberculostatic  activity  [5],  3-Butoxy-6-aminopyrlda- 
zine  and  its  acetyl  derivative  were  therefore  prepared.  However,  they  were  found  to  possess  only  feeble  tuber¬ 
culostatic  activity  (at  a  dilution  of  1:4000  to  1:1000). 

3,6-Dlamfnopyridazine  and  3-chloro-6-nitroaminopyridazine  were  likewise  prepared;  reduction  of  the 
latter  did  not  lead  to  the  expected  3-chloro-6-hydrazinopyridazine  but  to  the  original  3-chloro-6-aminopyrida- 
zine. 


E  X  PE  RIME  NT  A  L 

3,6-Dihydrazinopyridazine  hydrochloride.  To  a  boiling  solution  of  5  g  of  3,6-dimethoxypyridazine  in  15 
ml  of  hydrazine  hydrate  was  gradually  added  (over  a  period  of  5  hr)  another  20  ml  of  hydrazine  hydrate.  Crystals 
of  3,6-dihydrazinopyridazine  came  down  on  the  following  day  and  were  filtered,  washed  with  alcohol,  and  dried. 
There  was  obtained  1  g  of  substance  with  m.p.  about  220*,  which  decomposed  when  attempts  were  made  to  re- 
crystallize  it  from  organic  solvents.  Recrystallization  from  1  N  hydrochloric  acid  gave  3,6-dlhydrazlnopyridazlne 
monohydrochloride  with  m.p.  232-233*. 

Found  %  C  25.69;  H  5.38;  Cl  19.82;  HjO  4.74.  C^HgNgCl  •  0.5  H2O.  Calculated  C  25.80;  H  5.39; 

Cl  19,20;  lIjO  4.86. 

Recrystallization  from  concentrated  hydrochloric  acid  gave  the  dihydrochloride  of  3,6-dlhydrazlno- 
pyridazine  with  m.p,  221-222*. 

Found  %  C  22.31;  H  4.60.  C4HioN,jCl2.  Calculated  %:  C  22.60;  H  4.70. 

The  filtrate  remaining  after  separation  of  dihydrazinopyridazlne  base  was  evaporated  to  dryness;  the  residue 
was  heated  with  concentrated  hydrochloric  acid  until  it  went  into  solution;  the  solution  was  treated  with  carbon, 
filtered,  and  cooled.  The  deposited  crystals  were  converted  into  the  monohydrochloride  by  recrystallization  from 
dilute  hydrochloric  acid. 

3-(4-AcetamlnobenzylldenehydrazIno)-6-hydrazinopyridazine.  To  a  hot  solution  of  0,7  g  of  3,6-dihydra- 
zinopyridazinc  in  20  ml  of  water  was  added  a  hot  solution  of  1.8  g  of  p-acetaminobenzaldchyde.  After  boiling 
for  45  min,  the  yellow  precipitate  was  filtered  off,  washed  with  hot  water,  and  dried.  Yield  1,7  g  of  hydrazone. 
Decomp.  temp.  280-281*  (from  glacial  acetic  acid). 

Found  C  55.06;  11  4.98.  Ci3li250N7.  Calculated  ‘7o:  C  54,74;  H  5.26. 

The  following  substances  were  similarly  prepared:  3-(4-hydroxy-3-methoxybenzylidenehydrazlno)-6- 
-hydrazinopyridazine;  decomp.  temp.  244-245*  (from  alcohol). 

Found  °J('.  C  53.01;  H  5.10,  C|2H24C)2N6,  Calculated  %  C  52,55;  H  5,11, 

3-(4-Hydroxybenzylidenehydrazino)-6-hydrazinopyridazlne,  decomp.  temp.  259-260*  (from  alcohol). 

Found  %  C  53.11;  U  5.03.  CnHizONe.  Calculated  ^o:  C  54.08;  H  4,94. 

3-(  4-Dimethylamlnobenzylidenchydrazino)-6-hydrazinopyridazine,  decomp,  temp.  263-265*  (from  50*^ 
acetic  acid). 

Found  C  58,38;  H  5,82,  C13H17N7,  Calculated  %:  C  57,56;  H  6,26. 

3-Amino-6-butoxypyrimldazine,  A  mixture  of  5  g  of  3-chloro-6-aminopyrldazine  and  sodium  butoxide 
(prepared  from  0,9  g  of  sodium  and  35  ml  of  anhydrous  1-butanol)  was  heated  for  6  hr  at  150-160*.  After  cool¬ 
ing,  the  precipitated  sodium  chloride  was  filtered  off;  the  fihrate  was  evaporated  to  dryness,  taken  up  with  ethyl 
acetate,  and  dried  with  anhydrous  sodium  sulfate.  The  solvent  was  driven  off  and  the  residue  distilled  at  178  to 
180*  (8  mm)  to  give  4  g  of  3-butoxy-6-aminopyridazine  in  the  form  of  a  light-orange,  viscous  liquid.  Treat¬ 
ment  with  concentrated  hydrochloric  acid  gave  the  hydrochloride  with  m.p,  164-165*  (from  a  mixture  of  ethyl 
acetate  and  alcohol). 

Found  %  N  20.26;  Cl  17.34.  CgHi^ONjCl.  Calculated  %  N  20.63;  Cl  17.40. 

3-Acetamino-6-butoxypyridazine,  A  mixture  of  2  g  of  3-butoxy-6-aminopyrldazine  and  10  ml  of  acetic 
anhydride  was  heated  on  a  boiling  water  bath  until  the  white  precipitate  went  into  solution.  Crystals  came  down 
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on  cooling  and  were  filtered  and  recrystalUzed  from  alcohol  (with  carbon).  There  was  obtained  U.3  g  of  sub¬ 
stance  with  m.p,  132- 132,5*, 

Found  %  C  57.57;  H  7.18;  N  19.86.  CioHigOjNj.  Calculated  C  57.39;  H  7.22;  N  20.08. 

3,6-Diamonopyrazine.  A  mixture  of  5  g  of  3-chloro-6-aminopyridazine,  0,15  g  of  copper  bronze,  0,25  g 
of  copper  sulfate,  and  35  ml  of  35‘7o  aqueous  ammonia  was  heated  in  an  autoclave  for  6  hr  at  150-160*.  The  pre¬ 
cipitate  was  filtered  from  the  cooled  mass  and  extracted  with  30  ml  of  hot  alcohol.  The  cooled  alcoholic  solu¬ 
tion  deposited  0,7  g  of  3,6-diaminopyridazine  with  m.p,  235*. 

Found  C  43,97;  H  5.56.  C4HgN4,  Calculated  ’’Jv,  C  43,64;  H  5.45. 

3-Chloro-6-nitraminopyridazine.  Into  a  solution  of  2  g  of  3-chloro-6-aminopyridazine  in  10  ml  of  cone. 
HsS04  (d  1.835)  at  2-3*  was  stirred  (dropwise)  1.2  ml  of  HNOg  (d  1,4),  The  transparent  solution  was  poured  onto 
ice.  The  resulting  precipitate  was  filtered  off,  washed  with  iced  water,  and  recrystallized  fint  from  water  and 
then  from  alcohol.  Yield  1,5  g  of  3-chloro-6-nitramlnopyridazine  with  m,p,  135*. 

Found  C  27.56;  H  1.80;  N  20.29.  C^H,0,N4C1,  Calculated  ‘7o:  C  27.50;  H  1.72;  N  20.40, 

The  3-chloro-6-aminopyridazine  was  recovered  after  hydrogenation  of  3-chloro-6-nitramlnopyridazine  In 
presence  of  nickel  catalyst  in  alcohol  solution. 


SUMMARY 

1,  The  following  compounds  were  synthesized:  mono-  and  dihydrochlorides  of  3,6-dihydrazinopyridazine; 
monosubstituted  hydrazones  with  4-acetamino-,  4-hydtoxy-,  3-methoxy-,  4- hydroxy-,  and  4-dimethylamlno- 
benzaldehydes. 

2,  3-Amino-6-butoxypyridazine  and  its  acetyl  derivative  were  prepared, 

3,  3,6-Diaminopyridazine  and  3-chloro-6-nitramlnopyridazine  were  prepared. 
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In  the  previous  paper  an  account  was  given  of  the  condensation  of  isomeric  o-dlamino  derivatives  of  2- 
-methylbenzothiazole  with  a -dicarbonyl  compounds,  which  led  to  three  series  of  derivatives  of  thiazoloqulnoxa- 
lines:  thiazolo(4,5-h)quinoxalincs,  thiazolo(5, 4-h)quinoxallnes,  and  thlazolol4,5-g)qulnoxalines  [1], 

The  objective  of  the  present  work  was  the  condensation  of  isomeric  o-diamlno  derivatives  of  2-methyl- 
benzothiazole  with  carboxylic  acids.  This  condensation  led  to  all  of  the  theoretically  possible  isomers  of  thiazolo 
benzimidazole  with  a  common  carbon- carbon  bond.  They  had  not  previously  been  known. 

Condensation  of  2-methyl-6,7-diaminobenzothiazole  with  carboxylic  acids  gives  derivatives  of  angular 
thlazolol4,5-g)bcnzimidazole 

CH,— G— S  CH3-C— S 

II  0 

Condensation  of  2-mcthyl-4,5-diaminobenzothlazole  with  carboxylic  acids  gave  derivatives  of  the  other 
angular  isomer  -  thiazolo-(5,4-g)benzimidazole 


GHa-G—N  Cn3-C=N 

I  I  I  I 

^  I  Mil  S  I 

I  —  11  > 

Finally,  condensation  of  2-methyl-5,6-diaminobenzothiazole  with  carboxylic  acids  gave  derivatives  of  the 
linear  isomer  —  thlazolof  4,5-f)benzimidazole 


®  X/^x/^  "\ 

CH3-G  I  I  - *.  CH3-G  I  I  CR 


The  character  of  the  products  of  condensation  of  aromatic  o-diamines  with  dicarboxylic  acids  is  known  to 
depend  on  the  acids  used,  and  on  the  ratio  of  reactants.  Oxalic  acid  and  o-phenylenediamine  give  2,3-dihydroxy 
quinoxalines,  malonic  acid  gives  o-phenylenemalonamide,  and  succinic  acid  (equimolar  ratio)  gives  benzimida- 
zole-2-propionic  acid,  while  with  two  moles  of  o-phenylenediamine  the  product  is  bis- benzimidazole  [2], 


Condensation  of  o-diamino  derivatives  of  2-methylbenzothiazole  with  oxalic  acid  gave  2,3-dihydtoxy-3- 
-  methylthiazoloquinoxalines  [1],  while  condensation  with  succinic  acid  gave  us  the  isomeric  thiazolobenzimida 
zolepropionic  acids.  Carboxylic  acids  brought  into  reaction  were  formic,  acetic,  propionic,  glycolic,  lactic, 
benzoic,  phenylacetic,  and  succinic.  Condensation  was  also  effected  with  urea  and  carbon  disulfide. 
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N 

•/. 

s 

t)0 

c 

Empirical 

• 

o. 

R 

c 

formula 

■o 

§ 

• 

ii 

•T3 

C 

3 

• 

o 

£ 

>- 

^  o 

^  Cu 

a 

u 

a 

o 

Thiazolo(4,5'’g)benzitniclazoles 


CHj-C - S 

/NH 


u 


I 

H 

74 

213® 

CaHaNaS 

21.99, 

21.98 

22.22 

16.82, 

16.91 

16.93 

II 

CII3 

90 

204 

C10II9N3S 

20.37, 

20.39 

20.69 

16.08, 

16.10 

15.75 

III 

CtHs 

65 

210—213 

CiiHnNaS 

18.95, 

18.97 

19.35 

14.5«). 

14.49 

14.74 

IV 

CHtOH 

74 

230 

C10H9O3N3S 

18.98, 

19.00 

19.17 

V 

CII-CHn 

1 

OH 

58 

140 

(dec.) 

CiiH„ON3S 

17.78, 

17.83 

18.02 

13.70, 

13.60 

13.73 

VI 

C«Il5 

35 

139 

(dec} 

Ci5H„N3S 

1.5.95. 

15.94 

15.84 

12.06. 

12.36 

12.07 

VII 

cu.CbHj 

1 

38 

2B3-26i 

C,»H,3N3S 

14.98, 

14.93 

15.05 

11.53. 

11.55 

11.45 

VIII 

CIItCIIaCOOH 

16 

244-245 

C12H11O2N3S 

15.83  1 

16.09 

11.96 

12.29 

IX 

OH 

77 

1 

>330 

C9H7ON3S 

15.68, 

15.43 

15.60 

X 

SH 

63 

>330 

C«H,N3S2 

29.20, 

29.12 

28.95 

CHj-C 


Thiazolo(5, 4*  gX>enzi  midazoles 


XI 

H 

80 

297—298 

CgllaNjS 

16.97, 

16.93 

16.93 

XII 

CH3 

68 

242 

CioHaNaS 

19.29, 

.19.42 

19.35 

15.86. 

15.74 

15.76 

XIII 

CsHs 

76 

194 

CnHiiNaS 

14.90, 

14.88 

14.74 

XIV 

CH2OH 

54 

245-246 

CioHjONaS 

18.87, 

18.89 

19.17 

14.58, 

14.57 

14.55 

XV 

CH-CH3 

OH 

37 

222 

CuHnONaS 

13.75, 

13.81 

13.73 

XVI 

C.H6 

47 

118-119 

CisIfnNaS 

15.87, 

15.77 

15.84 

11.37. 

11.17 

12.07 

XVII 

CHjCeHj 

37 

244-245 

Ci,H,3N3S 

14.80, 

14.78 

15.05 

11.57, 

11.53 

11.45 
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TABLE  1  (continued) 


• 

• 

0. 

«) 

b 

a. 

R  ^ 

g 

T3 

0) 

? 

Melting 

point 

1 

Empirical 

formula 

•/.N  ( 

•/.s 

punoj 

calc. 

punoj 

_ 

calc. 

XVIII 

CH2CH2C001I 

12 

251  -252 

ll02^3S  ^ 

12.38,1 

12.21> 

12.24 

XIX 

oil 

53 

>325 

CgllTONgS 

15.42, 

15.60 

15.31 

XX 

SII 

57 

>325 

CrtlljNnSi 

28.62. 

28.95 

1 

28.74 

Thlazolo<4,5-f)ben2imldazoles  CH3— C  I  I  CR 


XXI 

il 

61 

283 

03117X38.21120 

18.62. 

18..55 

18.66 

14.17, 

14.23 

14.22 

XXII 

CH3 

58 

244 

CioHnX3S  *  II2O 

18.92. 

18.77 

19.(K) 

14.60, 

14.69 

14.48 

XMII 

C2II.S 

71 

215-216 

C11H11N3S 

14..5.5. 

14.47 

14.74 

XXIV 

CII20II 

65 

234-235 

CjoIIuONaS 

18.91, 

18.82 

19.17 

14.72, 

14.76 

14.56 

XXV 

CHCH3 

1 

oil 

60 

127 

(decj 

CiiHnON3S 

13.35, 

13.34 

13.73 

XXVI 

35 

254-255 

C,r, 1113X38 

15.67, 

15.65 

15.84 

12.03, 

12.12 

12.07 

XXVII 

ClIzColl.-; 

26 

171 

Cjoll  13X38 

14.78, 

14.77 

15.05 

11.43. 

11.36 

11.46 

XXVIII 

CII2CII2COOII 

35 

182 

(decj 

01211,10^X38 

11.93, 

11.80 

12.29 

XXIX 

Oil 

70 

>300 

01,1170X38  .  II2O 

14.28. 

14.37 

14.34 

XXX 

SII 

51 

>300 

03117X382 

28.7.5, 

28.74 

28.95 

TABLE  2 


Prep. 

No. 

^max 
(in  mp ) 

•g' 

I 

242 

4.64 

XI 

272,  294 

3.96,  3.78 

XXI 

241,  288 

4.33,  4.08 

Condensation  of  o-diamino  derivatives  of  2-methylbenzo- 
thiazole  with  formic,  acetic,  propionic,  glycolic,  lactic,  and  suc¬ 
cinic  acids  was  effected  by  boiling  the  components  in  15%  hydro¬ 
chloric  acid.  Condensation  of  benzoic  acid  in  25%  hydrochloric 
acid  in  sealed  tubes  goes  unsatisfactorily;  2-phenyl  derivatives  of 
thiazolobenzimidazole  were  therefore  prepared  by  reactions  of  di¬ 
amines  with  benzaldehyde  in  nitrobenzene  by  the  procedure  re¬ 
cently  put  forward  for  synthesis  of  2-phenyl- 5,6-dichlorobenzi- 
mid  azole  [3], 


Condensation  with  phenylacetic  acid  was  effected  by  fusion  of  the  components  at  125-130*.  2- Hydroxy 
derivatives  of  thiazolobenzimidazoles  were  obtained  by  fusion  of  diamino-2-methylbenzothiazoles  with  urea; 
2-mercapto  derivatives  were  obtained  by  boiling  with  carbon  disulfide  in  alcoholic  solution. 


The  thiazolobenzimidazoles  that  we  synthesized  are  listed  in  Table  1.  They  are  colorless,  crystalline  com¬ 
pounds  melting  at  above  100*.  Fusion  of  the  thiazole  nucleus  to  the  benzimidazole  system  is  largely  responsible 
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for  the  rise  in  melting  point.  For  example,  benzimidazole 
melts  at  170*,  while  thiazolobenzimidazoles  melt  at  213  (I), 
297-298  (XI).  and  283*  (XXI).  The  majority  of  the  thiazolo¬ 
benzimidazoles  have  good  solubility  in  hot  water  and  in  alco¬ 
hol,  while  the  2-alkyl  derivatives  are  soluble  also  in  benzene 
and  ether.  All  of  the  tliiazolobcnzimidazoles  are  readily  sol¬ 
uble  in  dilute  hydrochloric  acid.  In  this  connection,  it  should 
be  noted  that  derivatives  of  the  linear  isomer  are  distinguished 
by  greater  solubility  in  water  and  organic  solvents  than  deriva¬ 
tives  of  the  angular  isomers.  Thiazolobenzimidazoles  readily 
form  dihydrochlorides  and  picrates. 

The  ultraviolet  absorption  maxima  of  the  thiazolobenzi¬ 
midazoles  not  substituted  in  the  imidazole  ring  are  presented 
in  Table  2. 

The  absorption  curves  of  the  above  thiazolobenzimidazoles 
are  plotted  in  the  figure.  Measurements  were  made  on  alco¬ 
holic  SOlUtiOc  s. 

EXPERIMENTA  L 

7-Methylthiazolo(4, 5-g)benzimidazole  (I),  A  mixture  of 
0,7  g  of  2- methyl- 6,7-diaminobcnzothiazole,  1  ml  of  formic 
acid,  and  20  ml  of  15*70  hydrochloric  acid  was  boiled  for  2  hr, 
whereupon  the  cooled  solution  was  filtered  and  neutralized  with 
ammonia  solution.  The  white  precipitate  was  recrystallized 
from  water  (weight  0,56  g).  Colorless  needles,  readily  soluble 
in  hot  water,  alcohol,  and  dilute  hydrochloric  acid,  insoluble  in  benzene  and  ether. 

Picrate:  yellow  needles  (from  alcohol)  with  m.p,  274-275*  ( ^ecomp,). 

Found  °h.  S  7,45,  7,57,  CisHjPyNgS,  Calculated  *5^.  S  7,65, 

7-Methylthiazolo(5,4-g)benzimidazole  (XII).  Prepared  similarly  from  2- methyl- 4,5-diaminobenzothia- 
zole.  Recrystallized  from  alcohol. 

Picrate:  yellow  needles  (from  methanol),  m.p,  233*  (decomp.). 

Found  *7?  S  7,67,  7,43.  CuH^gOyN^S.  Calculated  *7®5  S  7,65. 

6-Methylthiazolo(4,5-f)benzimidazole  (XXI).  Prepared  similarly  from  2-methyl-5,6-diaminobenzothla- 
zole.  Rccrystallized  from  aqueous  alcohol.  Firmly  retains  two  molecules  of  water. 

Picrate:  yellow  needles  (from  methanol),  m.p,  234*. 

Found  ‘fe  N  19.93,  19.83;  S  7.76,  7.57.  C15H10O7N6S.  Calculated  %  N  20.09;  S  7.65. 

Preparations  (n)-(V),  (XII)-(XV),  (XXI)-(XXV)  were  obtained  under  the  same  conditions.  Preparations 
(n),  (III),  (IV),  (XXIV),'  and  (XXV)  were  recrystallized  from  water,  and  preparations  (V),  (XI),  (xn),  (Xin),  (XXI), 
and  (XXn)  from  70*7«>  alcohol. 


mji 

Absorption  curves  of  thiazolobenzimi¬ 
dazoles  (I),  (XI).  and  (XXI). 


2,7-Dimethylthiazolo(4,5-g)benzimldazole  (II)  picrate:  yellow  needles  (from  alcohol)  with  m.p,  246* 
(decomp.). 

Found  N  19.23,  19.22;  S  7,31,  7.44.  C16H12O7N6S.  Calculated  *7o;  N  19.44;  S  7.40. 

The  dihydrochloride  of  (II)  was  prepared  by  addition  of  ethereal  hydrogen  cliloride  to  a  solution  of  the  base 
in  absolute  alcohol.  The  white  precipitate  was  filtered,  washed  repeatedly  with  dry  ether,  and  dried  in  a  vacuum 
desiccator.  M.p.  346-347*  (decomp,). 

Found  %  Cl  25.82,  25.55.  C10H9N3S  •  2HC1.  Calculated  %  Cl  25.72, 
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2,6-Dimcthylthiazolo(4,5-f)benzimidazole  (XXn)  picrate:  yellow  needles  (from  alcohol)  with  m.p,  246* 
(decomp.). 

Found  %  N  19.23.  19.22  5  7.31,  7.44.  CieHuOyNeS.  Calculated  %  N  19.44;  S  7.40. 

The  dihydrochloride  of  (XXII)  was  prepared  similarly  to  dihydrochloride  of  (H);  m^.  298*  (decomp.). 

Found  %  Cl  25.40,  25.55.  C10H9N3S  •  2HC1.  Calculated  %  Cl  25.72. 

2-Ethyl-6-methylihIazolo(4,5-f)benzimidazole  (XXIII>.  yellow  needles  (from  methanol)  with  m.p,  238* 
(decomp,). 

Found  70:  S  7.17,  7.30.  C17H14O7N6S.  Calculated  %  S  7.17. 

2-Phcnyl“7-methylthiazolo(4,5-g)benzimidazole  (VI).  To  a  suspension  of  0,7  g  of  2-methyl-6,7-dlamlno- 
bcnzothiazolc  in  1,5  ml  of  alcohol  was  added  0,43  g  of  benzaldehyde;  after  2  min.  the  mixture  was  heated  to 
50*.  The  initially  formed  yellow  solution  deposited  a  yellow  precipitate, to  which  was  added  1.5  ml  of  nitro¬ 
benzene,  whereupon  the  mixture  was  quickly  heated  to  200*;  the  resulting  solution  was  held  for  1  min  at  this 
temperature.  Addition  was  then  made  (with  cooling)  of  an  ethereal  solution  of  hydrogen  chloride.  The  precipi¬ 
tated  hydrochloride  was  filtered  off,  washed  with  ether,  and  dissolved  in  water.  The  residual  nitrobenzene  was 
extracted  from  the  aqueous  solution  with  ether,  and  the  solution  neutralized  with  sodium  bicarbonate.  The  gray¬ 
ish  precipitate  was  filtered,  washed  with  water,  and  dried.  Weight  of  precipitate  0,7  g.  Colorless  needles  after 
two  crystallizations  from  aqueous  alcohol. 

In  similar  fashion,  preparation  (XVI)  was  obtained  from  2-methyl-4,5-diamlnobenzothlazole  and .(XXVI) 
from  2-mcthyl-5,6-diaminobenzothiazole, 

2-Bcnzyl-7-methylthlazolo(4,5-g)bcnzimidazole  (VII).  A  thoroughly  pulverized  mixture  of  0,7  g  of  2- 
-mcthyl-G,7-diaminobenzothiazole  and  0,7  g  of  phenylacetic  acid  was  heated  for  30  min  at  125-130*.  The  re¬ 
sulting  melt  was  dissolved  in  20  ml  of  15‘ll'9  hydrochloric  acid;  the  solution  was  treated  with  carbon,  and  the  fil¬ 
trate  neutralized  with  concentrated  ammonia  solution  (ice  cooling).  The  precipitate  (0,4  g)  was  filtered,  washed 
with  water,  and  recrystallized  from  alcohol.  Colorless  needles. 

In  the  same  way,  preparation  (XVII)  was  obtained  from  2-methyl-4,5-diamlnobenzothlazole  and  (XXVn) 
from  2- methyl- 5,6-diaminobenzothiazole, 

7-Methylthiazolo(4,5-g)benzimidazole-2-propionic  acid  (VUI),  A  mixture  of  0,7  g  of  2-methyl-6,7- 
-diaminobenzotliiazole,  0,5  g  of  succinic  acid,  and  15  ml  of  1570  hydrochloric  acid  was  boiled  for  3  hr.  On  cool¬ 
ing,  a  small  quantity  of  solid  (0,05  g)  came  down  and  was  filtered.  The  filtrate  was  made  alkaline  with  407® 
sodium  hydroxide  solution.  The  resulting  amorphous  precipitate  (0,01  g)  melted  above  300*.  It  was  not  examined 
more  closely.  The  alkaline  filtrate  was  made  acid  (to  pH  6)  with  hydrochloric  acid,  and  after  long  standing  it 
deposited  colorless  crystals  (0.56  g)  which  were  recrystallized  from  water.  Colorless  needles,  readily  soluble  in 
dilute  sodium  carbonate  solution. 

Preparations  (XVni)  and  (XXVIII)  were  similarly  obtained  from  2-methyl-4,5-diamlnobenzothlazole  and 
2-methyl-5,6-diaminobenzothiazole, 

2- Hydroxy- 7- methylthiazolo(4,5- g)bcnzimidazole  (IX).  A  thoroughly  pulverized  mixture  of  0,7  g  of  2- 
-methy  1-6,7-diaminobenzothiazole  and  0.6  g  of  urea  was  heated  for  30  min  on  a  paraffin  wax  bath  at  150-155*. 
The  melt  was  treated  with  hot  water  and  filtered  from  the  precipitate;  the  latter  was  dissolved  in  57o  sodium 
carbonate  solution,  the  solution  treated  with  carbon,  and  the  filtrate  acidified  with  acetic  acid.  The  resulting 
snow-white  needles  (0,6  g)  were  readily  soluble  in  alcohol  and  aqueous  caustic  alkali  solution,  poorly  soluble  In 
water. 

Compounds  (XIX)  and  (XXIX)  were  similarly  prepared  from  2-methyl-4,5-diaminobenzothlazole  and  2- 
-  methyl- 5,6-diaminobenzothiazole, 

2-Mercapto-7-methylthiazolo(4,5-g)benzimidazole  (X),  A  mixture  of  0,7  g  of  2-methyl-6,7-diamlno- 
benzothiazole,  1  g  of  carbon  disulfide,  and  20  ml  of  alcohol  was  boiled  on  a  water  bath  for  3  hr.  The  white  pre¬ 
cipitate  was  filtered  and  washed  with  water  and  alcohol.  For  purification  it  was  dissolved  in  sodium  hydroxide 
solution,  filtered  and  acidified  with  acetic  acid.  Weight  of  precipitate  0,56  g.  Sparingly  soluble  in  alcohol. 


1538 


RecrysialUzed  from  a  large  quantity  of  methanol  for  analysis. 

Compounds  (XX)  and  (XXX)  were  similarly  prepared. 

SUMMARY 

Condensation  of  o-diamino  derivatives  of  2-methylbcnzothiazole  with  carboxylic  acids,  urea,  and  carbon 
disulfide  gave  three  series  of  isomeric  thiazolobenziinidazoles:  thiazolo(4,5-g)benzimidazoles,  thiazolo(5,4-g)- 
benzimidazoles,  and  thiazolo(4,5-f)benzimidazoles. 

Their  properties  were  studied  and  their  ultraviolet  absorption  spectra  determined, 
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In  communication  [1]  we  described  the  addition  of  trialkyl  phosphites  to  p-quinones—  compounds  possess¬ 
ing  a  JT  ,ir  ,Tr -conjugated  system.  In  continuation  of  our  work  on  reactions  of  trialkyl  phosphites  with  such  systems, 
we  have  studied  their  interaction  with  trans-  and  cis-dibenzoylethylene  and  viiiylacrylic  acid. 

Triethyl  phosphite  starts  to  react  with  trans-dibenzoylethylene  at  room  temperature,  the  temperature  rising 
slightly.  When  the  reaction  was  performed  under  mild  conditions  (in  ethereal  solution),  removal  of  the  solvent 
left  a  thick  (glycerollike)  product  that  did  not  crystallize  on  cooling,  and  did  not  distil  without  decomposition  in 
high  vacuum  (1  x  10"*  mm).  Examination  of  the  unpurified  substance  showed  it  to  possess  the  properties  of  the 
previously  described  intermediate  products  of  addition  of  trialkyl  phospliites  to  conjugated  systems:  It  reacts  with 
water  with  heat  liberation,  and  initiates  polymerization  of  acrylates.  Under  more  drastic  conditions  (in  a  sealed 
tube  at  100*),  a  product  is  obtained  that  no  longer  exhibits  the  properties  of  the  intermediate  product  of  addition. 
Even  in  this  case,  however,  the  end  product  could  not  be  separated.  Vacuum  distillation  yielded  triethyl  phosphate 
and  a  considerable  quantity  of  2,5-diphenylfuran,  Cis-dibenzoylethylene  reacts  like  the  trans-form  and  the  same 
results  were  obtained  when  its  reactions  were  studied. 

Treatment  of  the  Intermediate  product  of  addition  of  triethyl  phosphite  to  diphenylethylene  with  water 
gave  dibenzoylethane  as  the  main  product.  This  result  Indicates  that  trialkyl  phosphites,  like  p-quinones,  add  on 
to  dibenzoylethane  in  the  1,4  position.  In  communication  [1]  it  was  pointed  out  that  formation  of  hydroqulnone 
is  observed  when  phosphites  act  on  p-quinone  in  wet  benzene.  This  effect  is  evidently  also  associated  with  the 
action  of  water  on  the  intermediate  product  of  the  reaction: 


*  Original  Russian  pagination.  See  C.B.  translation. 
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In  the  first  case,  the  aromatic  hydroquinone  system  is  formed;  in  the  second  case,  the  double  bond  is  hy- 
<irogenated. 

Formation  of  1,4-diphenylfuran  is  probably  the  result  of  thermal  breakdown  of  the  intermediate  addition 
product.  The  over-all  reaction  may  be  expressed  by  the  following  equation: 


c^Mb-c-ch^cii-c-qiIs  +  f’(OU)3 


O  O 


Cellj-C^CH-Cn-C-CflU-,  — V 

1  M 

O - V(Ol\)^ 


CH — Cl  I 

II  II  4  OI»(OH), 

(Vjlls-C  C-Cells 

Another  possibility  is  the  formation  of  1,4-dlphenylfuran  by  thermal  dehydration  of  the  dlphenylethane 
formed  by  the  action  of  moisture  on  the  intermediate  product. 


Vinylacrylic  acid  reacts  less  vigorously  with  trialkyl  phosphites  than  acrylic  and  methacrylic  acids  [2], 

We  were  unable  to  establish  the  formation  of  an  intermediate  reaction  product  as  in  the  reactions  with  a,6- 
-  unsaturated  acids  [2]  and  aldehydes  [3],  Only  a  minute  quantity  of  phosphonovinylacrylic  ester  could  be  iso¬ 
lated  after  reaction  of  vinylacrylic  acid  with  triethyl  phospliite.  The  main  reaction  product  is  the  telomer  re¬ 
sulting  from  addition  of  several  molecules  of  vinylacrylic  acid  to  triethyl  phosphite.  Tripropyl  phosphite  and 
vinylacrylic  acid  form  the  telomer  exclusively.  The  properties  of  the  telomer  are  similar  to  those  previously 
described  [4],  In  our  opinion,  the  results  can  be  explained  as  follows.  Due  to  the  difficulty  of  formation  of  the 
7-mcmbered  cyclic  intermediate  product  during  the  first  step  of  the  reaction,  the  dipolar  ion  is  not  stabilized  In 
the  intermediate  product,  but  adds  on  another  few  molecules  of  acid  so  that  the  reaction  acquires  the  character 
of  a  telomerization 


(R0),P:  *  =  — 

n(CH;«CH-CH  =  CHCOOH)  ^  {RO)j  P  [CHj- CH  =  CH  -  CH,COO] R 

n 

The  inability  of  vinylacrylic  acid  to  form  intermediate  products  of  the  Arbuzov  rearrangement  and  the 
pattern  of  the  reaction  are  consequently  indirect  confirmation  of  the  covalent  structure  of  the  previously  described 
intermediate  products  of  reactions  of  phosphites  with  Jt  ,ir -conjugated  systems,  since,  if  they  possessed  an  ionic 
structure,  we  should  have  expected  formation  of  intermediate  products  also  in  the  present  reaction, 

EXPERIMENTAL 

Reaction  of  triethyl  phosphite  with  trans-dibenzoylethylene.  Experiment  1,  To  8  g  of  trans-dlbenzoyl- 
ethylene  was  added  6  g  of  triethyl  phosphite.  Reaction  was  effected  in  a  sealed  tube.  After  30  min  the  whole 
of  the  dibenzoylethylene  had  dissolved  in  the  triethyl  phosphite.  The  temperature  rose  in  course  of  dissolution. 


♦> 
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The  tube  was  thereupon  heated  for  5  hr  at  120*  (oil  bath).  Vacuum  distillation  yielded;  2  g  (30,7*70)  of  triethyl 
phosphate  with  b.p.  82-84*  (5  mm),  n^^D  1.4060,  and  4  g  of  2,5-diphenylfuran  with  b.p,  138-142*  (1,25  X  10“* 
mm),  m.p,  89-90*. 

Found  %  C  87.25,  87.25;  H  4.92,  5.07.  CigHuO.  Calculated  C  87.30;  H  5.40. 

Experiment  2.  To  an  ethereal  solution  of  21  g  of  trans-dibenzoylethylene  was  added  15  g  of  triethyl  phos¬ 
phite.  The  reaction  mixture  was  heated  on  a  water  bath  for  5  hr  at  the  boiling  point  of  ether.  The  resulting  pro¬ 
duct  reacted  with  water  with  considerable  heat  liberation  and  initiated  polymerization  of  methacrylic  acid.  The 
product  did  not  distil  in  high  vacuum,  and  did  not  crystallize. 

Action  of  water  on  the  intermediate  reaction  product.  To  1  g  of  intermediate  product  was  added  0,04  g  of 
water.  Vigorous  shaking  lead  to  a  temperature  rise  of  25*.  Crystals  (0,4  g)  came  down  which  had  m,p,  141-142* 
after  numerous  recrystallizations  from  absolute  alcohol  [5],  The  product  gave  a  green  coloration  with  concentrated 
sulfuric  acid,  which  is  characteristic  of  dlbenzoylethane. 

Addition  of  triethyl  phosphite  to  cis-dibenzoylethylene.  To  3  g  of  cls-dlbenzoylethylene  was  added  2,1  g 
of  triethyl  phospnite.  The  reaction  mixture  was  heated  in  a  sealed  tube  at  90*  for  10  hr.  Vacuum  distillation 
gave  2,1  g  of  2,5-diphenylfuran  with  b.p.  240-245*  (10  mm),  m.p.  88-89*.  No  depression  of  melting  point  in  ad¬ 
mixture  with  diphenylfuran  prepared  by  reaction  of  triethyl  phosphite  with  trans-dibenzoylethylene. 

Addition  of  triethyl  phosphite  to  vinylacrylic  acid.  To  an  ethereal  solution  of  7  g  of  vinylacryllc  acid, 
stabilized  with  hydroquinone ,  was  added  11.8  g  of  triethyl  phosphite.  The  temperature  rose  by  2*.  The  reaction 
mixture  was  heated  on  a  water  bath  for  15  hr.  Vacuum  distillation  gave  1  g  (5j9‘7o)  of  the  ethyl  ester  of  (dlethyl- 
phosphono )-  bute  ne  -  2-c  ar boxylic  acid , 

B.p.  172-175*  (15  mm),  n^^D  1.4490,  d“o  1.0842. 

literature  data  [6]:  b.p.  174-176*  (18  mm).  n^®D  1.4489,  d*®^  1.0851. 

The  residue  was  a  polymeric  mass  which  contained  3,4%  of  phosphorus  after  repeated  washing  with  ether. 
Similar  results  were  obtained  in  further  experiments  under  various  conditions. 

SUMMARY 

1,  A  study  was  made  of  the  reaction  of  triethyl  phosphite  with  dibenzoylethylene.  It  was  found  that  di- 
benzoylethylene  reacts  like  p-quinones  with  trialkyl  phosphites, 

2,  The  Interaction  of  trialkyl  phosphites  with  vinylacrylic  acid  was  studied.  Unlike  unsaturated  acids, 
vinylacrylic  acid  reacts  mainly  with  formation  of  phosphorus- containing  tclomers. 
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The  preparation  of  some  derivatives  of  imidazole-  and  imidazo-(2,l-b)-thiazolecarboxylic  acids  was  of 
interest  in  connection  with  biological  investigations, 

Imidazole-(5,4)-  and  2-mcrcaptoimldazole-5(4)-carboxylic  acids  (Vn  and  V),  and  their  ethyl  esters  (VI 
and  IV)*vcre  prepared  by  the  literature  methods  [1,2];  at  the  same  time,  the  procedure  for  some  of  the  compounds 
was  improved,  and  data  for  some  properties  (melting  point,  character  of  crystals,  and  solubility)  were  revised.  It 
was  observed  that  the  methyl  ester  of  2-mcrcaptoimidazole-5(4)-carboxylic  acid  (IX)  is  obtained  by  reaction  of 
ethyl  N-formylglycinate  (U),  methyl  formate,  and  sodium  methoxide,  followed  by  condensation  of  the  inter¬ 
mediate  enolate  with  potassium  thiocyanate  in  presence  of  hydrochloric  acid.  In  this  case,  the  Claisen  reaction 
apparently  results  in  iransesterification  of  (II)  to  the  methyl  ester  of  N-formylglycerine,  In  order  to  exclude  the 
possibility  of  such  a  iransesterification  in  the  preparation  of  (IV),  we  did  not  use  sodium  methoxide  (as  recom¬ 
mended  in  the  literature  [1]),  but  sodium  ethoxide.as  practiced  in  a  patent  [3],  For  preparation  of  (VI)  by  oxida¬ 
tion  of  (IV)  we  decided  to  use  not  nitric  acid,  but  hydrogen  peroxide.  However,  this  led,  in  contrast  to  the  out¬ 
come  of  oxidation  of  other  derivatives  of  2-mercaptoimidazole  [4-6],  to  formation  of  the  corresponding  disulfide. 

Later  we  studied  the  action  of  a-halocarbonyl  compounds  on  the  ethyl  and  methyl  esters  of  2-mercapto- 
imidazole-6(4)-carboxylic  acids  (IV  and  IX)  (see  scheme  on  following  page). 

Reaction  of  mercaptan  (IX)  with  bromoacetaldehyde  in  aqueous  solution  gave  a  crystalline  compound  which, 
by  analogy  with  3-hydroxy-6-phenylimidazo-(2,l-b)-thiazoline  [7],  probably  has  the  structure  of  the  methyl  ester 
of  3-hydroxyimidazo-(2,l-b)-ihiazoline-5-carboxylic  acid  (XI).  Hydroxy  compound  (XI)  evidently  undergoes 
partial  transition  into  5(4)-carbomeihoxyimidazolyl-2-mercaptoacetaldehyde  (X)  in  solution,  as  indicated  by  its 
reaction  with  fuchsin-sulfurous  acid  (the  originally  colorless  solution  turns  crimson  on  standing).  Compound  (XI) 
reacts  with  hydrazine  hydrate,  but  no  crystalline  compounds  could  be  isolated  from  the  reaction  products.  Phos¬ 
phorus  oxychloride  acts  on  hydroxy  compound  (XI)  with  detachment  of  a  molecule  of  water  to  give  the  methyl 
ester  of  imidazo-(2,l-b)-thiazole-5-carboxylic  acid  (XII),  Reaction  of  methyl  ester  (XII)  with  hydrazine  hydrate 
gave  the  corresponding  hydrazide  (XIII)  (see  scheme  on  following  page). 

Reaction  of  mercaptan  (IV)  with  a-haloketones  (chloroacetone ,  3-chloro-2-butanone,  3-chIoro-2,4-pentane- 
dione,  a-bromoacctophenone)  in  ethanol  gave  the  ethyl  esters  of  2-6 -ketoalkyl(aryl)-mercaptoimidazole-5(4)- 
-carboxylic  acids  (XIV).  The  latter  lose  water  to  form  bicyclic  compounds  —  ethyl  esters  of  the  corresponding 
imidazo-(2,l-b)-thiazole-5-carboxylic  acids  (XV), 

Cyclization  of  ketones  (XIV)  to  bicyclic  compounds  (XV)  was  effected  with  the  help  of  water- binding 
agents  (phosphorus  oxychloride  or  concentrated  sulfuric  acid)  and,  in  some  cases,  by  boiling  of  the  hydrochlo¬ 
rides  of  (xrv)  in  butanol  (see  scheme  on  following  page), 

I  place  on  record  my  sincere  thanks  to  M,  N,  Shchukina  for  her  valuable  advice  during  the  present  investi¬ 
gation. 


•Communication  VII:  Zhur.Obshch,  Khim,  26,  2916  (1956).  [See  C.B.  translation.] 
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ailiicoiis  sodium  hydroxide  was  heated  for  an  hour  on  a  boiling  water  bath.  The  solution  was  then  cooled  and 
neutralized  with  3670  liydrochloric  acid  until  the  liquid  was  acid  to  Congo,  The  resulting  precipitate,  after  cool¬ 
ing,  was  filtered,  washed  with  water  and  then  with  acetone,  and  dried.  There  was  obtained  5,5  g  of  substance 
with  m.p,  226-227*  (dccomp,).  Evaporation  of  the  mother  liquor  to  a  small  volume  led  to  separation  of  an  addi¬ 
tional  1,8  g  of  the  same  substance.  Total  yield  of  (V),  7,3  g  (87,27o),  For  analysis,  the  substance  was  recrystal¬ 
lized  from  water,  then  from  alcohol.  Colorless  prisms  (from  ethanol)  with  m.p.  228-229*  (decomp,);  according 
to  [2],  the  m.p,  is  235-236*  (dccomp.);  readily  soluble  in  hot  water,  alcohol,  and  acetone;  nearly  insoluble  In 
benzene,  toluene,  ether,  chloroform,  carbon  tetrachloride,  ethyl  acetate,  dloxane,  and  llgroine. 

Found  7o:  C  33.32;  H  2.97;  N  19.07;  S  21.82.  C4H4O2N2S.  Calculated  C  33.32;  H  2.77;  N  19.43;  S  22.25. 

Hydrolysis  of  ester  (IX)  under  similar  conditions  gave  an  857j  yield  of  acid  (V), 

Sodium  salt;  colorless  crystals  (from  water),  sparingly  soluble  in  cold  water,  easily  soluble  in  hot  water. 

Found  7o:  N  16.68.  C4H302N2SNa.  Calculated  %  N  16.86. 

Ethyl  ester  of  imidazolc-5(4)-carboxylic  acid  (VI).  Prepared  as  in  [1],  Yield  of  technical  product  (m.p. 
157-159*)307o.  Recrystallization  from  a  mixture  of  ethanol  and  ethyl  acetate  gave  colorless  plates  with  m^J, 

162*  (according  to  [1],  m.p,  157-158*;  according  to  [10],  m^).  162*),  easily  soluble  in  alcohol,  sparingly  soluble 
in  ethyl  acetate  and  acetone ,  neatly  Insoluble  in  benzene, 

lmidazole-5(4)-carboxylic  acid  (VII).  Prepared  by  the  method  of  [1],  Colorless  needles  (from  water),  or 
fine  prisms  (from  ethanol),  m.p.  250-265*,with  decomp.  It  melts  sharply  over  a  range  of  0,5  to  1*;  the  melting 
point  is  markedly  dependent  on  the  duration  of  heating  of  the  capillary.  Sparingly  soluble  in  organic  solvents 
and  cold  water,  easily  soluble  in  hot  water.  According  to  [1],  it  has  m.p,  271*  (decomp,);  according  to  [8],  it 
has  m.p,  276*. 

Found  C  42.97;  H  3.92;  N  25.40.  C4H4O2N2.  Calculated  °k  C  42.84;  H  3.60;  N  25.00. 
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Di~[5(4)-carbethoxyimlclazoIyl-2]disulfide  (VIII).  a)  To  a  suspension  of  1  g  of  mercaptan  (IV)  in  10  ml 
of  water  were  added  one  drop  of  concentrated  sulfuric  acid  and  3,5  ml  of  12,670  hydrogen  peroxide.  The  reaction 
was  exothermic,  and  the  original  solid  substance  was  transformed  into  another  crystalline  compound.  On  com¬ 
pletion  of  the  reaction,  the  mixture  was  cooled;  the  precipitate  was  filtered,  washed  with  water,  with  aqueous 
sodium  bicarbonate,  then  with  water,  and  dried.  There  was  obtained  0,75  g  (757o)  of  a  substance  with  m,p,  191 
to  193*  (decomp,).  Recrystallization  from  alcohol  gave  colorless  crystals  with  m.p,  199-200*  (decomp,),  soluble 
In  alcohol,  ethyl  acetate,  dioxane,  chloroform,  acetone,  and  concentrated  solutions  of  hydrochloric  acid  and  so¬ 
dium  hydroxide;  sparingly  soluble  in  benzene  and  toluene  '.Insoluble  In  ether,  benzine,  water,  and  sodium  bi¬ 
carbonate  solution.  A  mixture  with  (V)  melted  at  175-178*. 

Found  C  42.26;  H  3.92;  N  16.66;  S  18.43.  CUH14O4N4S2.  Calculated  %:  C  42.07;  H  4.12;  N  16.37; 

S  18.73. 

b)  To  a  solution  of  1  g  of  (IV)  In  20  ml  of  ethanol  was  added  3.5  ml  of  12.67o  hydrogen  peroxide,  and  the 
mixture  boiled  for  25  min.  To  the  hot  solution  was  added  sodium  bicarbonate.  Carbon  dioxide  came  off.  The 
solution  was  filtered  and  evaporated  to  dryness  in  vacuo  to  leave  a  crystalline  residue  which  was  washed  with 
water  and  dried.  Yield  0.5  g  (507c)  of  substance  with  m.p.  192-194*  (decomp.);  recrystallization  from  alcohol 
gave  colorless  crystals  with  m.p.  199-200*  (decomp.),  not  giving  a  depression  of  melting  point  in  admixture  with 
the  product  obtained  by  method  a. 

Methyl  ester  of  3-hydroximidazo-(2,l-b)-thiazollne-5-carboxyllc  acid  (XI),  A  mixture  of  4,2  g  of  a,8- 
-dlbromodiethyl  ether  and  15  ml  of  water  was  boiled  for  a  few  minutes,  and  then  2.8  g  of  mercaptan  (IX)  was 
added  to  the  cooled  solution;  the  mixture  was  heated  for  30  min  at  50-55*.  The  solution  was  cooled  and  neutra¬ 
lized  with  sodium  bicarbonate;  the  resulting  precipitate  was  filtered,  washed  with  water,  and  dried.  Yield  2,6  g 
(73,57o)  of  substance  with  m.p.  165-170*  (decomp,);  recrystallization  from  alcohol  gave  colorless  needles  with 
m.p,  172-174*  (dccomp,),  soluble  in  the  majority  of  organic  solvents  and  in  mineral  acid  solutions,  sparingly 
soluble  in  ether  and  carbon  tetrachloride,  insoluble  in  water,  ligroine,  and  cold  aqueous  caustic  alkali.  A  mix¬ 
ture  of  an  alcoholic  solution  of  compound  (XI)  with  an  alcoholic  solution  of  fuchsin-sulfurous  acid  (fuchsin  II) 
formed  a  colorless  solution  which  gradually  turned  crimson. 

Found  C  41.95;  H  4.12;  N  14.18;  S  15.81.  CtHjOsNjS.  Calculated  %  C  41.97;  H  4.03;  N  13.99; 

S  16.02. 

Methyl  ester  of  imidazo-(2,l-b)-thiazole-5-carboxylic  acid  (Xll).  To  4,2  g  of  ester  (XI)  was  added  10  ml 
of  phosphorus  oxychloride  (the  operation  was  accompanied  by  heat  liberation  and  foaming),  and  the  solution  was 
then  boiled  for  5  min.  The  phosphorus  oxychloride  was  then  distilled  off  in  vacuo;  water  and  an  excess  of  sodium 
bicarbonate  were  added  to  the  residue.  The  mixture  was  extracted  with  chloroform,  the  solution  dried  with  mag¬ 
nesium  sulfate,  and  the  solvent  taken  off  in  vacuo.  There  was  obtained  2.1  g  (bb^o)  of  substance  with  m.p,  140 
to  142*  (decomp.);  recrystallization  from  alcohol  gave  colorless  crystals  with  m.p,  151-152*  (with  browning), 
soluble  in  the  majority  of  organic  solvents,  hot  water,  and  mineral  acid  solutions;  sparingly  soluble  in  cold  water. 

Found  °h.  C  46.29;  H  3.31;  S  17.56.  C7H6O2N2S.  Calculated  %  C  46.13;  H  3.32;  S  17.60. 

Hydrochloride:  colorless  crystals  (from  alcohol)  with  m.p,  161-162*  (decomp.). 

Found  Cl  16.48.  C7H6O2N2S  *  HCl.  Calculated  Cl  16.22. 

Picrate;  yellow  needles  (from  alcohol)  with  m.p,  178-179*. 

Found  70;  N  17.49,  C13H9O9N5S.  Calculated  Tn  N  17.03. 

Hydrazide  of  imidazo-(2,l-b)-thiazole-5-carboxylic  acid  (XIII).  To  a  suspension  of  1.8  g  of  ester  (XII)  in 
10  ml  of  water  was  added  0.6  g  of  857o  hydrazine  hydrate,  A  white  precipitate  formed  after  some  time;  it 
was  filtered,  washed  with  a  little  water,  and  dried.  Yield  1,5  g  (907o)  of  substance  with  m.p.  208-210*  (decomp.); 
recrystallization  from  alcohol  gave  colorless  needles  with  m.p.  215-216*  (decomp,),  soluble  in  the  majority  of 
organic  solvents;  insoluble  in  water. 

Found  C  39.43;  H  3.40;  S  17.74.  C6H(50N4S.  Calculated  %  C  39.53;  H  3.32;  S  17.60, 
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Ethyl  ester  of  2-acetonylmercaptoimidazole-5-carboxylic  acid  (XlVa),  A  solution  of  3,65  g  of  mercaptan 
(IV)  and  1,98  g  of  chloroacetone  in  15  ml  of  alcohol  was  boiled  for  5  min,  after  which  the  solvent  was  taken  off 
completely  (the  final  traces  In  vacuo).  The  crystalline  residue  was  washed  with  ether  and  dried.  There  was  ob¬ 
tained  5,5  g  (98%)  of  hydrochloride  with  m,p,  146-148*;  recrystallization  from  dichloroethane  gave  colorless 
plates  with  m.p.  150-151*,  easily  soluble  in  alcohol  and  water,  nearly  Insoluble  in  chloroform  and  ethyl  acetate, 
sparingly  soluble  in  the  cold  in  dioxane  and  dichloroethane. 

Found  %.  Cl  13.31,  CsH^OjNzS  •  HCl,  Calculated  %:  Cl  13.39, 

Decomposition  of  the  hydrochloride  by  aqueous  sodium  bicarbonate  solution  yielded  the  base  in  the  form 
of  fine,  colorless  prisms  in  druses  with  m,p,  110-111*  (from  water),  easily  soluble  in  organic  solvents,  sparingly 
soluble  in  cold  water. 

Found  %:  Cl  47,51;  H  5,25;  N  11.99;  S  14.08,  CsH^OjNjS,  Calculated  %;  C  47,35;  H  5,30;  N  12,27; 

S  14,05, 

Ethyl  ester  of  3-methylimidazo-(2,l-b)-thiazole-5-carboxylic  acid  (XVa),  a)  A  mixture  of  3,5  g  of  the 
hydrochloride  of  ketone  (XlVa)  and  20  ml  of  concentrated  sulfuric  acid  was  heated  for  30  min  on  a  water  bath  at 
55-60*.  The  solution  was  then  cooled,  poured  into  150  ml  of  water,  neutralized  with  40%  aqueous  sodium  hy¬ 
droxide  until  alkaline,  and  extracted  with  chloroform.  The  extract  was  washed  with  water  and  dried  with  potas¬ 
sium  carbonate.  Evaporation  to  dryness  in  vacuo  left  a  residue  of  2,25  g  (81%)  of  technical  product  with  m,p, 
116-117"  (from  aqueous  alcohol).  Colorless  prisms  easily  soluble  in  organic  solvents,  sparingly  soluble  in  water, 

A  mixture  with  ketone  (IVa)  melted  at  74-77*, 

Found  %:  C  51,95;  H  4,58;  N  13,38;  S  14,87,  C9H10O2N2S,  Calculated  %:  C  51,41;  H  4,79;  N  13,32; 

S  15,25 

b)  A  mixture  of  5,6  g  of  mercaptan  (IV)  and  3  g  of  chloroacetone  in  15  ml  of  butanol  was  boiled  for  1  hr 
20  min  (the  last  20  min  in  presence  of  active  carbon).  The  solution  was  filtered  from  carbon  and  cooled.  The 
resulting  precipitate  was  filtered  and  washed  with  ether.  The  hydrochloride  was  dissolved  in  water  and  decom¬ 
posed  with  sodium  bicarbonate  solution.  The  precipitate  was  filtered  and  washed  with  water.  Colorless  prisms 
with  m.p.  116-117*  (from  aqueous  ethanol),  not  giving  a  melting  point  depression  in  admixture  with  the  product 
obtained  by  method  a. 

Ethyl  ester  of  2,3-dimethylimidazo-(2,l-b)-thiazole-5-carboxylic  acid  (XVb).  A  solution  of  3,7  g  of 
mercaptan  (IV)  and  2,3  g  of  3-chloro-^-butanone  in  ^  ml  of  ethanol  was  boiled  for  2  hr;  the  solution  was  then 
evaporated  to  dryness  in  vacuo.  To  the  residual  hydrochloride  of  ketone  (XlVb)  was  added  15  ml  of  phosphorus 
oxychloride,  and  the  mixture  was  heated  for  30  min  at  100*,  and  then  at  the  boiling  point  for  10  min.  The  phos¬ 
phorus  oxychloride  was  taken  off  in  vacuo,  the  residue  dissolved  in  water,  and  the  solution  heated  with  active 
carbon,  filtered,  and  neutralized  with  sodium  bicarbonate.  The  solution  was  extracted  with  dichloroethane,  and 
the  extract  washed  with  water  and  dried  with  magnesium  sulfate.  The  solvent  was  taken  off  in  vacuo  to  leave 
the  base  of  ester  (XVb)  in  the  form  of  a  light- brown,  noncrystallizing  oil,  soluble  in  organic  solvents,  poorly  sol¬ 
uble  in  water, 

Picratc:  yellow,  spindle-shaped  crystals  with  m.p,  155.5-156,5*  (from  ethanol),  soluble  in  acetone,  dl- 
chloroethane ,  and  glacial  acetic  acid;  sparingly  soluble  in  water  and  alcohol. 

Found  %:  C  42.28;  H  3.07;  N  15.59;  S  7,13.  C16H15O9N5S.  Calculated  %:  C  42,38;  H  3,33;  N  15.45;  S  7.07. 

Ethyl  ester  of  2-(a-acetylacetonyl)-mercaptoimidazole-5(4)-carboxylic  acid  (IVc),  To  a  hot  solution  of 
4,8  g  of  (IV)  in  25  ml  of  alcohol  was  added  3,75  g  of  3-chloro-2,4-pentanedione  and  the  mixture  boiled  for 
25  min  (the  last  5  min  in  presence  of  active  carbon).  The  solution  was  filtered  and  cooled,  and  the  precipitated 
hydrochloride  was  filtered  and  decomposed  with  aqueous  sodium  acetate.  The  resulting  base  was  in  the  form  of 
yellow  prisms  with  m.p,  193-194*  (from  alcohol),  soluble  in  the  majority  of  organic  solvents,  insoluble  in  water. 

Found  %;  C  48.71;  H  4,97.  CnH^O^NgS,  Calculated  %;  C  48,88;  H  5,22, 

Ethyl  ester  of  2-acetyl-3-methylimidazo-(2,l-b)-thiazole-5-carboxylic  acid  (XVc),  A  solution  of  2  g  of 
the  hydrochloride  of  diketone  (XIVc)  in  15  ml  of  butanol  was  boiled  for  an  hour.  On  cooling,  a  crystalline  hydro¬ 
chloride  came  down  and  was  filtered,  washed  with  acetone,  and  decomposed  with  aqueous  sodium  acetate  solution. 
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The  base  was  obtained  in  the  form  of  colorless,  fine  prisms  with  m.p,  157-158*  (from  alcohol),  soluble  in  the 
majority  of  organic  solvents,  insoluble  in  water.  A  mixture  with  (XIVc)  melted  at  149-151*. 

Found  N  11.08;  S  12.57.  CnHizOaNzS.  Calculated  N  11.10;  S  12.71. 

Ethyl  ester  of  2-phcnacylmcrcaftoimidazole-5(4)-carboxylic  acid  (XlVd).  A  solution  of  5  g  of  mercaptan 
(rv)  and  6,05  g  of  a-bromoacetophcnone  in  20  ml  of  alcohol  was  boiled  for  40  min.  A  wliite  precipitate  soon 
started  to  come  down  during  this  operation.  The  mixture  was  cooled,  and  the  precipitate  filtered,  washed  with 
ether,  and  dried.  There  was  obtained  10  g  of  substance  with  m,p.  192-193*  (decomp.).  Evaporation  of  the  alco¬ 
holic  mother  liquor  to  a  small  volume  led  to  separation  of  an  additional  0,55  g  of  substance  with  m.p,  193-193,5* 
(decomp.).  Total  yield  of  hydrobromidc  10.55  g  (9870).  Colorless  plates  with  m.p.  195-196*  (decomp.)  (from 
ethanol),  poorly  soluble  in  water  and  alcohol. 

Found  T?  Br  21.44.  C14H14O3N2S  •  HBr.  Calculated  7o;  Br  21.25. 

The  hydrobromide  was  dissolved  in  a  large  volume  of  hot  water  and  decomposed  with  aqueous  sodium  bi¬ 
carbonate.  The  precipitated  base  was  filtered,  washed  with  water,  and  recrystallized  three  times  from  ethanol 
(the  first  time  with  addition  of  carbon  and  a  little  dry  sodium  bicarbonate).  Fine,  coloriess  prisms  with  m,p. 
127.5-128*,  soluble  in  organic  solvents,  insoluble  in  water. 

Found  C  57.90;  H  4.76;  N  9.37;  S  11.03.  Ci4Hi403N2S.  Calculated  %  C  57.91;  H  4.86;  N  9.65;  S  11.04. 

Ethyl  ester  of  3-phenylimidazo-(2,l-b)-thiazole-5-carboxylic  acid  (XVd),  A  mixture  of  4.1  g  of  hydro¬ 
bromide  of  ketone  (XlVd)  and  15  ml  of  concentrated  sulfuric  acid  was  heated  for  30  min  at  70*,  and  then  stood 
at  room  temperature  for  36  hr.  The  solution  was  run  into  water  and  neutralized  with  sodium  carbonate;  the  re¬ 
sulting  precipitate  was  filtered,  washed  with  water,  and  recrystallized  from  alcohol  (containing  carbon).  Color¬ 
less  prisms  with  m.p,  160-160,5*  (decomp.),  soluble  in  organic  solvents,  insoluble  in  water. 

Found  C  61.51;  H  4.65;  N  10.25;  S  11.81.  C14H12O2N2S.  Calculated  1<y‘.  C  61.74;  H  4,44;  N  10.29; 

S  11.77. 


SUMMARY 

1.  A  series  of  esters  of  lmidazo-(2,l-b)-thiazole-5-carboxylic  acids  was  synthesized  by  reaction  of  methyl 
and  ethyl  esters  of  2-mercaptolmidazole-5(4)-carboxylic  acid  with  a-halocarbonyl  compounds. 

2,  It  was  established  that  the  corresponding  disulfide  is  formed  when  the  ethyl  ester  of  2-mercaptoimida- 
zole-5(4)-carboxylic  acid  is  oxidized  with  hydrogen  peroxide, 
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We  have  reported  [1]  on  the  synthesis  and  some  properties  of  esters  of  dialkylarsinous  acids.  The  present 
work  is  a  continuation  of  our  investigations  in  this  field. 

As  we  showed  earlier  [1],  the  formation  of  trialkylalkoxyarsonium  iodide  is  possible  during  synthesis  of 
esters  of  dialkylarsinous  acids  from  dialkyliodoarsines  and  sodium  alkoxides.  We  tried  to  prepare  the  arsonium 
salt  directly  by  reaction  of  the  n-propyl  ester  of  diethylarsinous  acid  with  n-propyl  iodide.  Diethyl-n-propyl-n- 
-propoxy arsonium  iodide  was  actually  formed.  In  aqueous  solution  the  arsonium  salt  is  fully  dissociated  into 
ions;  the  iodide  anion  titrates  quantitatively  with  silver  nitrate  solution. 

According  to  the  literature  [2,3],  esters  of  alkylarsinous  acids  are  oxidized  to  esters  of  alkylarslnic  acids  by 
selenium  dioxide.  Synthesis  of  esters  of  dialkylarsinic  acids  by  a  similar  method  appeared  to  us  not  without  in¬ 
terest.  Outwardly,  the  oxidation  of  esters  of  dialkylarsinous  acids  proceeds  in  the  same  way  as  that  of  esters  of 
alkylarsinous  acids,  but  during  the  first  distillation  a  considerable  proportion  of  the  product  resinifies  and  the  con¬ 
sistency  of  the  liquid  alters.  Performance  of  the  first  distillation  at  13-15  mm  leads  not  to  the  desired  ester,  but 
to  the  original  .substance  (Nos,  1  and  2  in  Table  1),  Lowering  of  the  pressure  to  4  mm  enables  isolation  of  the  n- 
-  butyl  ester  of  diethylarslnic  acid.  The  yield  of  ester  of  dialkylarsinic  acid  increases  if  the  solvent  is  removed, 
after  oxidation,  at  reduced  pressure  (Nos,  4  and  5  in  Table  1), 

From  the  distillate  and  resinous  residue  from  the  first  distillation  were  isolated,  apart  from  ester  of  dialkyl¬ 
arsinic  acid,  a  series  of  products  not  observed  during  synthesis  of  esters  of  alkylarslnic  acids.  In  all  cases,  for 
example,  dialkylarsinic  acid  is  obtained,  and  in  two  cases  (2  and  5  in  Table  1),  an  alcohol  containing  the  radical 
entering  into  the  alkoxy  group  of  the  original  compound.  From  the  products  of  oxidation  of  the  n-butyl  ester  of 
diethylarsinous  acid  was  isolated  the  di-n-butyl  ester  of  ethylarslnous  acid. 

Formation  of  ester  of  alkylarsinous  acid  (No,  3  in  Table  1),  and  the  change  of  properties  of  the  substances 
during  the  first  distillation,  led  us  to  the  idea  that  pyrolysis  of  the  initially  formed  esters  of  dialkylarsinic  acids 
miglit  take  place  during  their  isolation.  This  hypothesis  was  confirmed  by  pyrolysis  of  the  n-butyl  ester  of 
methyl-n-butylarsinic  acid,  since  we  isolated  analogous  products  from  the  pyrolyzate:  n-butyl  alcohol  and  the 
n-butyl  ester  of  mcthyl-n-butylarsinic  acid, 

Tlie  facility  with  which  the  R2As(OXOR)  -►  RjAsOR  transformation  takes  place  evidently  also  accounts  for 
the  separation  of  esters  of  arylalkylarsinous  acids  on  reaction  of  alkyl  halides  with  silver  salts  of  the  correspond¬ 
ing  arsinic  acids  [4], 

Esters  of  dialkylarsinic  acids  are  isolated  in  small  yields  when  esters  of  dialkylarsinous  acids  are  oxidized 
with  selenium  dioxide.  We  therefore  made  experiments  with  other  oxidants.  Direct  reaction  of  dry  oxygen  with 
the  n-propyl  ester  of  methyl-n-butylarsinous  acid  gave  methyl-n-butylarsinic  acid.  Mercuric  oxide  showed 
promise  as  an  oxidant;  its  interaction  with  the  ethyl  ester  of  di-n-propylarsinous  acid  gave  the  ethyl  ester  of  dl- 
-n-propylarsinic  acid  in  comparable  yield  (Table  2), 

The  synthesized  esters  of  dialkylarsinic  acids  (Table  2)  are  colorless  liquids  with  a  faint  odor,  easily  hy¬ 
drolyzed  by  water  and  by  moisture  of  the  air.  Our  calculations  give  an  atomic  refraction  of  arsenic  in  these  com¬ 
pounds  of  8  J.9. 
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TABLE  1 


Oxidation  of  Esters  of  Dialkylarsinous  Acids  with  Selenium  Dioxide 


Prep 

No. 

1 

.  iBoiling  point  j 

1 

1 

Yield 

Starting  ester 

1  Substance  obtained 

1  ! 

(pressure  in  mn)! 

d.”  j 

i 

i 

(in  % ) 

1 

(Cill5).,AsOC2lIj  { 

(CoM^l.AsOC.Il-, 

(C2ll5).As(0)(OII) 

! 

140-141° 
m.p,  136-137° 

1.1148 

1.46:10 

2.1 

1.5 

1 

03117011  • 

16.6 

2 

(C2ll3)2A30C3M7 

{c>Ho).asoC3H7 

54.5-57  (13) 

1.0904 

1.4621 

62 

(C.jllr.)jAs(0)(OH) 

m.p.  135-137 

— 

— 

2.7 

( 

C2lKAs(OC4Mo)» 

98.5-101  (11) 

— 

1.4522 

2.0 

3 

(C2ll5)2AsOC4llo 

(C2llr,)2As(OXOC4ll9) 

130—130.5  (4) 

1.1922 

1.4721 

12.1 

(C2ll6).As(0)(01l) 

m.p.  136-137 

— 

— 

11.9 

4 

(CHaVCiIIolAsOC.Hjj 

(Cllr,XC4llo)As(0)OC2Hs) 

(Cll3)tL-4ll9)As(UHOll) 

110—111  (2) 

m.p. 

1.2265 

1.4729 

26.0 

11.1 

f 

C41I0OII  • 

116-118 

1.9 

5 

(Cn3XC4llB)AsOC4ll9j 

(C!L,KC,ir!,)A.sOC4no 

(Cll;,HC4ll„)\SHOU)C4llo) 

82.5—84  (10) 

133—131  (3) 

1.0461 

1.1507 

1.4.588 

1.4676 

2.6 

24.9 

1 

(Cll3XC4llo).\S(OX011) 

m.p.  11:6-127 

— 

— 

5.5 

•Identified  as  ester  of  3,5-dinitrobenzoic  acid. 


TABLE  2 

Esters  of  Dialkylarsinic  Acids 


Prep, 

No. 

Ester 

Oxi-  1 
dant  1 

Boiling  point 
(pressure  in  mm) 

d.»’ 

MPj, 

ARp 

arsenic 

Yield 

1 

(C2H.-.).As(OXOC4M,,) 

ScO., 

1.30  —130.5(4) 

1.1 92^ 

1.4721 

52.19 

8.09 

12.1 

2 

(Cil3XC4llo)As(DKOC>ll',) 

ScOo  i 

110  -111  (2) 

1.2L6r,! 

1.4729 

47..59 

8.11 

26.0 

3 

(Cll;,XC4lln)A?(OX0<:4ll;.) 

S('0.  1 

133  —134  \:\) 

1.1.507! 

1.46(6 

57.01 

8.29 

24.9 

4 

(C3ll7)K\S(UXOC.ll;,) 

IlgU 

116.5-118  (3) 

1.1865 

1.4718 

52.36 

8.L6 

18.8 

Mean 

8.19 

EXPERIMENTAL 


Preparation  of  n-propyl  ester  of  methyl-n-butylarsinous  acid.  Into  a  flask  fitted  with  a  reflux  condenser 
were  charged  30  g  of  anhydrous  n-propyl  alcohol  and  15.43  g  of  bis(niethyl-n-butylarsyl)  oxide.  Between  flask 
and  reflux  condenser  was  inserted  an  adapter  with  a  funnel  containing  anhydrous  copper  sulfate,  so  that  the  con¬ 
densate  passed  through  the  funnel  after  running  down  from  the  condenser.  After  3 -hr  heating,  the  excess  alcohol 
was  distilled  off,  and  the  residue  was  distilled  to  give  12.31  g  (60*70)  of  n-propyl  ester  of  methyl-n-butylarsinous 
acid. 

B.p.  73.5-75*  (12  mm),  d^®4  1.0584;  n*°D  1.4575,  MRq  53.10.  CgHjgOAs.  Calculated  53.05. 

Found  °}oi  As  36J31,  CgHigOAs,  Calculated  As  36.34, 

Reaction  of  n-propyl  iodide  with  n-propyl  ester  of  dicthylarsinous  acid.  A  mixture  of  1.83  g  of  n-propyl 
ester  of  diethylarsinous  acid  and  1.62  g  of  n-propyl  iodide  was  stood  in  a  sealed  ampoule  for  45  days  at  room 
temperature.  The  reaction  mixture  deposited  0.85  g  (24,67o)  of  acicular  crystals.  Volume  contraction  occurred 
during  reaction.  The  crystals  were  collected,  washed  with  anhydrous  benzene,  and  dried  at  reduced  pressure.  The 
diethyl-n-propyl-n-propoxyarsonium  iodide  melted  at  241-243*. 
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Found  ‘7o:  As  20.19;  I  35.21.  C10H2PIAS.  Calculated  %  As  20.69;  I  35.05. 

Iodine  was  determined  by  titration  of  an  aqueous  solution  of  the  arsonium  salt  with  silver  nitrate  solution. 

The  equivalence  point  was  determined  by  high-frequency  conductimetry. 

Oxidation  of  ethyl  ester  of  diethylarsinous  acid  with  selenium  dioxide.  To  a  mixture  of  19.98  g  of  selenium 
dioxide  and  600  ml  of  dry  benzene  (heated  to  boiling)  was  added  53.31  g  of  ethyl  ester  of  diethylarsinous  acid. 

The  reaction  mixture  was  heated  for  3  hr  and  then  cooled;  the  deposited  selenium  was  separated,  and  the  solvent 
distilled  off  from  the  filtrate,  Distillation  of  the  rather  viscous  residue  gave  a  fraction  with  b.p.  116-131*  (15  mm). 
During  the  subsequent  distillation,  the  liquid  boiled  at  35-61*  (13  mm);  crystals  came  down  in  the  distillation 
flask;  weight  0.75  g  (1.57o),  m.p.  136-137*  (from  n-butyl  alcohol).  According  to  the  literature  [5],  diethylarsonlc 
acid  melts  at  133-134*. 

After  redistillation,  the  product  was  a  readily  mobile  liquid  wltha  sharp,  garlicUke  odor.  Several  distilla¬ 
tions  in  vacuo  gave  1.07  g  (2.1‘7o)  of  product, 

B.p.  140-141*,  d*°4  1.1148,  n*°D  1.4600. 

The  ethyl  ester  of  diethylarsinous  acid  previously  obtained  by  us  [1]  had  b.p.  141-142*,  d*®4  1,1114,  n*®D 
1.4621. 

Oxidation  of  n-propyl  ester  of  diethylarsinous  acid  with  selenium  dioxide.  Reaction  of  12.21  g  of  selenium 
dioxide  with  33.02  g  of  n-propyl  ester  of  diethylarsinous  acid  in  400  ml  of  anhydrous  benzene  was  performed  as 
in  the  preceding  preparation.  A  viscous  liquid  with  b.p.  124*  (15  mm)  came  over  at  first  during  vacuum  distilla¬ 
tion;  toward  the  close  of  distillation  the  liquid  became  less  viscous,  and  the  boiling  point  fell  to  108*  at  the. same 
pressure.  After  standing,  the  distillate  deposited  crystals  with  m.p.  135-137"  (from  n-butyl  alcohol).  Diethyl- 
arsinic  acid  melts  at  133-134*  [5],  Fractional  distillation  of  the  distillate  gave  the  following  fractions: 

1st,  1.71  g  (16.67o),  b.p.  95-105*.  Reaction  [6]  with  3,5-dinitrobenzoyl  chloride  yielded  crystals  with  m,p, 
69-71*  [7].  A  mixture  with  the  n-propyl  ester  of  3,5-dinitrobenzolc  acid  melted  at  the  same  temperature, 

2nd,  2.06  g  (6.27o).  with  b.p.  54.5-57*  (13  mm),  d*®4  1.0904,  n^®D  1.4621. 

The  n-propyl  ester  of  diethylarsinous  acid  [1]  boils  at  50-52*  (10  mm),  d*®4  1.0859,  n*®D  1.4613, 

Oxidation  of  n-butyl  ester  of  diethylarsinous  acid  with  selenium  dioxide.  Reaction  of  50.34  g  of  n-butyl 
ester  of  diethylarsinous  acid  with  15.65  g  of  selenium  dioxide  in  525  ml  of  anhydrous  benzene  was  effected  by 
the  previous  procedure.  After  the  solvent  had  been  removed  the  residue  deposited  crystals  which  were  filtered, 
washed  with  benzene,  and  dried.  M.p.  136-137*,  yield  4.81  g  (11.9‘7o), 

A  first  fractionation  of  the  filtrate  was  carried  out  at  4  mm;  the  following  substances  were  obtained  after 
redistillations: 

I.  0.69  g  (2*70)  of  di-n-butyl  ester  of  ethylarsinous  acid  with  b.p.  98.5-101*  (11  mm),  n**D  1.4522. 

Found  ^Joi  As  30,04.  C10H23O2AS,  Calculated  °h:  As  29,94, 

Reaction  with  hydrogen  iodide  gave  a  brown,  oily  liquid  with  b.p,  126,5*  (12  mm).  According  to  the  litera¬ 
ture  [8],  ethyldiiodoarsine  boils  at  126*  (11  mm), 

n,  6,58  g  (12,1%)  of  n-butyl  ester  of  diethylarsinic  acid, 

B.p.  130-130,5*  (4  mm),  d”4  1.1922,  n^®D  1.4721,  MRp  52.19,  ARq  of  arsenic  8.09, 

Found  %;  As  33,66.  CgHi902As,  Calculated  %:  As  33,73, 

Oxidation  of  ethyl  ester  of  methyl-n-butylarsinous  acid  with  selenium  dioxide.  Using  the  same  procedure, 
arsinous  acid  was  oxidized  with  10,10  g  of  selenium  dioxide  in  325  ml  of  anhydrous  benzene.  The  selenium  was 
separated:  The  solvent  was  suction  filtered.  Two  distillations  of  the  residue  gave  7.09  g  (26%)  of  ethyl  ester  of 
methyl-n-butylarsinlc  acid, 

B.p.  110-111*  (2  mm),  d^®4  1.2265,  n*°D  1.4729,  MRp  47.59,  ARp  of  arsenic  841. 

Found  %;  As  36,17,  CyHjtOjAs,  Calculated  %:  As  35.97, 
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Crystals  with  m.p,  126-127*  (from  butanol)  were  isolated  from  the  resinous  residue  after  the  first  distilla¬ 
tion.  Their  analysis  corresponded  to  methyl-n-butylarslnlc  acid.  Yield  2,62  g  (ll,!*?*)). 

Found  ^o:  As  41.69,  C5H13O2AS.  Calculated  %  As  41,60, 

Oxidation  of  n- butyl  ester  of  methyl- n-butylarsinoiis  acid  with  selenium  dioxide.  Reaction  of  56,77  g  of 
ester  with  16.98  g  of  selenium  dioxide  in  550  ml  of  anhydrous  benzene  in  the  usual  manner  gave  (after  numerous 
distillations),  the  following  compounds: 

I.  2.27  g  (6,1%)  of  n- butyl  alcohol,  b,p,  116-118*.  Reaction  [4]  with  3,5-dinittobenzoyl  chloride  gave 
crystals  with  m.p,  62-63*;  a  mixture  with  n-butyl  3,5-dinitrobenzoatc  melted  at  the  same  temperature  [7], 

n.  15,14  g  (24.9%)  of  n-butyl  ester  of  methyl- n-butylarsinlc  acid, 

B.p.  133-134*  (3  mm),  d”^  1.1507,  n*®D  1.4676,  MRp  57.01,  ARp  of  arsenic  8.29. 

Found  %:  As  31,60,  C9H21O2AS.  Calculated  %:  As  31,72, 

The  residue  after  the  first  distillation  gave  2,58  g  (5.5%)  of  methyl-n-butylarsinic  acid  with  m.p,  126  •127* 
(from  butanol). 

Oxidation  of  n- propyl  ester  of  mcthyl-n-butylarsinous  acid  with  oxygen.  Dry  nitrogen  was  bubbled  for  2 
hr  through  12  g  of  n-propyl  ester  of  methyl-n-butylarsinous  acid.  The  resulting  fine,  colorless  crystals  were  fil¬ 
tered,  washed  with  anhydrous  ether,  and  dried,  M.p,  127-128*,  in  agreement  with  that  of  cthyl-n-butylarslnic 
acid.  From  the  filtrate  was  isolated  8,3  g  of  the  original  n-propyl  ester  of  methylbutylarsinous  acid. 

Oxidation  of  ethyl  es^r  of  di-n-propylarsinous  acid  with  mercuric  oxide,  A  mixture  of  37,5  g  of  mercuric 
oxide  and  17,8  g  of  ethyl  ester  of  di-n-propylarsinous  acid  in  250  ml  of  chloroform  was  heated  for  40  hr  with 
vigorous  stirring.  The  liquid  was  decanted  from  the  deposited  mercury,  and  the  chloroform  distilled  off.  Distilla¬ 
tion  of  the  residue  yielded  9.3  g  of  a  141-146*  (11  mm)  fraction.  A  small  quantity  of  metallic  mercury  came 
down  from  the  distillate.  Redistillation  gave  3,6  g  (18,8%)  of  ethyl  ester  of  dl-n-propylarsinic  acid, 

B,p,  116,5-118*  (3  mm)  d*®4  1.1865,  n*°D  1.4718,  MR^  52.36,  ARq  of  arsenic  8.26. 

The  ethyl  ester  of  di-n-propylarsinlc  acid  forms  a  colorless,  viscous  liquid  with  a  faint  odor,  extremely 
easily  hydrolyzed  by  water. 

Pyrolysis  of  n-butyl  ester  of  methyl-n-butylarsinous  acid.  Heating  of  14,28  g  of  ester  in  a  distillation  flask 
to  210-280*  led  to  distillation  of  8,51  g  of  liquid;  the  residue  (5,07  g)  resinlficd.  Two  fractions  were  obtained  on 
redistillation; 

1st,  4,94  g,  a  colorless  liquid  with  b.p,  28-33*  (12  mm),  Redistillation  gave  2,65  g  (30,4%)  of  n-butyl  al¬ 
cohol  with  b.p,  114.5-116.5*.  Reaction  [6]  with  3,5-dinitrobenzoyl  chloride  gave  a  substance  Identical  with  a- 
-butyl  3,5-dinitrobenzoate,  Reaction  of  the  broad  cut  with  2,4-dinlttophenylhydrazine  in  a  mixture  of  alcohol 
and  phosphoric  acid  gave  fine,  yellow  needles.  The  hydrazone  could  not  be  isolated  in  the  pure  form, 

2nd,  0,31  g  (2,4%)  of  substance  with  b,p,  81-83*  (11  mm),  n*®D  1,4612, 

The  n-butyl  ester  of  methyl-n-butylarsinous  acid  that  we  had  previously  obtained  [1]  had  b,p,  83*  (10  mm), 
n*°D  1,4603, 


SUMMARY 

1.  A  procedure  was  advanced  for  preparation  of  alkyl  esters  of  dialkylarsinic  acids  by  oxidation  of  the  cof 
responding  esters  of  dialkylarsinous  acid  with  selenium  dioxide. 

2,  The  first  representatives  of  the  series  of  esters  of  dialkylarsinic  acids  were  prepared,  and  the  atomic 
refraction  of  arsenic  in  these  compounds  was  calculated, 
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It  was  shown  in  previous  communications  [1,2]  that  1 ,3-indancdione-2-sulfonic  acid  forms  well-crystallized 
alkali  metal  salts.  The  latter  are  colorless  or  slightly  yellowish  substances,  perfectly  stable  in  the  air.  They  are 
readily  soluble  in  water  and  sparingly  in  alcohol;  their  solubility  decreases  with  increasing  cationic  radius.  Crys¬ 
tals  suitable  for  examination  are  obtained  by  crystalliza¬ 
tion  from  dilute  ethanol.  For  crystallographic  character¬ 
ization  the  crystals  were  measured  with  a  two-circle 
goniometer,  and  the  approximate  parameters  of  the  unit 
cell  determined  from  the  distances  between  layer  lines 
of  powder  photographs  around  the  crystallographical  axes. 

Lithium  salt  of  1 ,3-indanedione-2-sulfonic  acid 
CgHgOsSLi,  Preparation  of  good  crystals  was  rather  diffi¬ 
cult  due  to  the  fairly  high  solubility.  The  {lOO}  face 
was  well  developed  (Fig,  1),  Results  of  measurements 
with  a  two- circle  goniometer  are  set  forth  in  Table  1, 

We  see  that  the  crystals  belong  to  the  pinacoidal  class  of 
triclinic  syngony.  In  the  present  case,  we  have  a  combination  of  first,  second,  and  third  pinacoids.  The  inverse 
angles  between  the  axes  were  calculated  from  the  spherical  coordinates  of  the  faces:  ct*  =  128*38*  i  26';  0  •  = 

=  40*23*  ±  26*;  y  •  =  117*3*  ±  16*,  which  correspond  to  a  =  bl*12*  ±  45*;  0=  133*22*  ±  34*;  y  =  92*22*  ±  42*. 

For  approximate  determination  of  the  unit  cell  parameters  of  the  crystals,  x-ray  powder  photographs  were 
taken,  using  copper  radiation,  around  [100],  [010],  and  [001],  and  the  following  values  of  the  unit  cell  param¬ 
eters  were  obtained  from  the  distances  between  the  planes:  a  =  15,25  kX;  b  =  7,61  kX;  c  =  7.42  kX,  The  pycno- 
metric  specific  gravity  (in  toluene)  was  djo  =  1.666  g/ml. 

The  following  data  were  calculated  from  the  parameters  found. 

1.  Ratio  of  roentge  nographic  axes: 

a  :b  :  c= 2.004  :  1  :  0.975. 


•Original  Russian  pagination.  See  C,B.  translation. 
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TABLE  1 

Spherical  Coordinates  of  Faces  of  a  Crystal  of 
Lithium  Salt  of  l,3-Indancdionc-2-sulfonic  Acid 


Symbol 

9  j 

f  1 

No,  of 

measurements 

100 

nooor±ir 

S0O56'±  6' 

6 

010 

-27°  :v±i:r 

8no.'’)6'±  6' 

6 

001 

-67043' ±27' 

55024' ±25' 

6 

Fig,  1,  Crystal  of  lithium  salt 
of  l,3-indanedione-2-sulfonic 
acid. 


Fig,  2,  Crystal  of  sodium  salt 
of  l,3-lndanedlone-2-sulfonlc 
acid  (moaohydrate). 


2,  Volume  of  unit  cell: 

K=a/>cslnp  •  sin  Y  *  sin  6=429.5  kX^, 
where  •(»  «<>»  ^  J  ~ ^  . 

3,  Number  of  molecules  in  unit  cell; 


2  — — 


d  .  N 
M 


429.5  .  10-2‘  .  •  O.fiOfi  .  1()24 

232.14 


1.87- 


2. 


podium  salt  of  1 ,3-indanedione-2-sulfonic  acid  with  one  molecule  of  water  CgHgOsSNa  •  HgO.  Prepared 
by  crystallization  from  relatively  concentrated  solutions  in  alcohol  or  dioxane.  Specific  gravity  of  crystals  d2o 
1,626  g/  ml.  Results  of  crystal  measurements  in  a  two-circle,  reflecting  goniometer  are  shown  in  Table  2, 


TABLE  2 


Spherical  Coordinates  of  Crystal  Faces  of  Sodium  Salt 
of  l,3-Indanedlone-2-sulfonic  Acid  (Monohydrate) 


Symbol 

,  1 

No,  of 

measurements 

010 

-14°  8'±  4' 

90°00'±  2' 

11 

100 

90°0o'±  3' 

90°0()'±  2' 

11 

(X)I 

-79°LM'±20' 

30O4.5'-t  4' 

11 

110 

51°2r±  2' 

90°tM)'-t  2' 

11 

on 

28°23'±12' 

38°37't1,V 

11 

on 

-40°33'±14' 

50°27'i  .5' 

11 

101 

80O(Kr±  8' 

32°46'4:15' 

11 

111 

-50°  5'±  6' 

47°21'±  3' 

11 

The  measurements  indicate  that  the  crystals 
belong  to  the  pinacoidal  class  of  triclinic  syngony. 
In  form  they  are  a  combination  of  the  eight  pina- 
colds  (see  Fig,  2). 

The  reverse  angles  between  the  axes  were 
calculated  from  the  spherical  coordinates:  ct  •  = 

=  102’23'  ±  10*.  0*  ^  59*50*  i  5*;  y  •  =  104*8' 

±  5*.  corresponding  to  a  =  83*44*  ±  12*;  0  = 

=  118*22*  ±  8*;  y  =  80*42*  ±  8*. 

The  ratio  of  the  crystallographic  axes  was 
calculated  from  the  coordinates  of  the  (101)  and 
(110)  faces: 

a:b:  c^OJlA  :  1  :  0.805. 


1553 


0U1 


102 


Fig.  3.  Crystal  of  sodium  salt  of  1,3 
-indanedione-2-sulfoiiic  acid  (di¬ 
hydrate). 


The  unit  cell  parameten  were  determined  from  powder  photo¬ 
graphs  around  [100],  [010],  and  [001]: 

n=7.76  kX;  6=10.03  kX  ;  c=8.05  kX. 

The  following  additional  values  were  calculated  from  the  data 

found: 

1,  Ratio  of  roentgenographic  axes: 

a:b:  c=0.774  :  1  :  0.802. 

2,  Unit  cell  volume; 

V=abc  •  sin  p  •  sin  y  sin  6=516.0  /cX*. 

3,  Number  of  molecules  in  unit  cell: 

V  -  d  •  N  516.0  .  10-2<  •  1.626  •  0.606  •  !()««  4  ^4  o 

Ji  ~  266.21  _  .y  ~  . 


Socljum  salt  of  1, 3 -indanedione- 2- sulfonic  acid  dihydrate  CgHsOsSNa  *  2H2O.  Preparation  of  well-de¬ 
veloped  crystals  is  relatively  difficult.  Crystals  suitable  for  measurements  were  obtained  by  recrystallization 
from  dilute  ethanol  wliile  cooling  slowly.  Results  of  measurements  on  13  crystals  are  presented  in  Table  3,  The 
crystals  belong  to  the  prismatic  class  of  monoclinic  syngony.  The  main  forms  are  pinacoids  {lOO}  ,  {102}  , 
{102}  ,  {  001}  ,  and  prisms  {llO}  and  {Oll}  , 

Tlie  ratio  of  the  crystallograpliic  axes  was  calculated  from  the  coordinates  of  the  (110)  and  (102)  faces: 
a;b:c  =  1,785:1:2,201,  Monoclinic  angle  0  =  98*6*  ±  6*, 


TABLE  3 


TABLE  4 


Spherical  Coordinates  of  Faces  of  Crystals  of  Sodium 
Salt  of  l,3-Indanedione-2-sulfonlc  Acid  (Dihydrate) 


Symbol 

V 

P 

j  No.  of 
measure- 
1  mcnts 

IW 

9ooon'±3' 

89059’ ±.3' 

13 

102 

f)()°i)(('±.3' 

3702.V±7' 

13 

1(»‘2 

flnoiM'±;r 

25039'±5' 

13 

111) 

2!)°3il'±7' 

81)°59'±.T 

13 

001 

9U‘^UO'±3' 

8°  616' 

13 

Identity  Periods  of  Sodium  Salt  of 
l,3-Indancdione-2-sulfonlc  Acid 
(Dihydrate) 


Direction 


I  Identity  period  (in  kX) 


of  rotation 


calc. 


found 


(110) 

ll.M) 

lUlll 


13.67 

17.54 

16.15 


13.40 

17.54 

16.11 


TABLE  5 

Spherical  Coordinates  of  Crystal  Faces  of  Potassium,  Ammonium,  and  Rubidium  Salts 
of  1 ,3-Indanedione-2-sulfonic  Acid 


C,lI.O,.SK 

1  C,H,U,SNH. 

_  1 

c,»uo,snb 

Symbol 

9 

P 

No.  of 
meas. 

9 

|No.  of 
p  |meas. 

9 

P 

No.of 

meas. 

100 

90®  3’±3’ 

90O00'±2' 

14 

\ 

90O(K)'±2' 

90O00'±2' 

10 

90°00'±2' 

89o.57'±2' 

20 

201 

90°  2' ±3' 

.56®  6' ±9' 

14 

— 

— 

— 

90O(K»'±2' 

.55028'±4' 

20 

201 

90O(K)'±.T 

.53057' ±6' 

14 

90O(K)'±2' 

.5.3°00'±4' 

10 

900»K)’±2' 

530  6' 1:4' 

20 

001 

!'0°(K)'±3' 

3oi.5'±.5' 

14 

90O(H)'±2' 

.304.5'±3' 

10 

90°(K)'±2' 

3°32'±5' 

20 

no 

27023'±4’ 

900|H)'±2' 

14 

27039'±4' 

90O00'±2' 

10 

27022'±3' 

89057'±2' 

20 

on 

2023'±5’ 

54°13'±3' 

14 

— 

—  j 

— 

2°36'±4' 

53025'±3' 

20 
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Fig,  4,  Crystals  of  potassium  (rubidium)  (a)  and  ammoni 
um  (b)  salts  of  l,3-indanedlone-2-sulfonic  acid. 


Using  copper  radiation,  the  unit  cell  di¬ 
mensions  were  determined  by  powder  photo¬ 
graphs  around  [100],  [010],  and  [001],  The  fol¬ 
lowing  unit  cell  parameters  were  calculated 
from  the  distances  between  the  planes: 

a=  11.84  kX\  6=0.67  kX;  c=  14.69  kX, 

On  the  basis  of  these  data,  and  using  the 
value  of  1,601  g/ml  for  the  specific  gravity 
(djo)  of  the  crystals,  we  obtained: 

1,  Ratio  of  roentgenographlc  axes: 

a:6:c=1.775:l  :  2.202. 

2,  Unit  cell  volume: 

V’=a6c sin p  =  1148.4  kX^. 

3,  Number  of  molecules  in  unit  cell: 


V  -d-  N 

tw  ——  , 

*  M 


1148.4  .  10-2^  .  I.nni  .  0.606  •  lOJ* 
284  •  22 


3.92- 


4. 


The  translation  group  was  determined  with  the  help  of  powder  photographs  around  [110],  [101],  and  [011], 
The  resulting  identity  periods  are  set  forth  in  Table  4, 

The  results  indicate  that  the  crystal  is  based  on  a  primitive  translation  group. 

Potassium,  ammonium,  and  rubidium  salts  of  1 ,3-indanedione-2-sulfonlc  acid  CgHgOsSMe,  Well-de¬ 
veloped  crystals  were  obtained  by  the  same  procedure  as  for  the  sodium  salt.  Their  specific  gravities  were  deter¬ 
mined  pycnometrlcally  in  toluene  at  20*,  The  following  values  were  obtained: 


Formula  of  salt  CjHsOgSK  C9H5O6SNH4  C9H505SRb 

djo  1,700  g/ml  1,481  g/ml  1,903  g/ml 

The  crystals  were  measured  with  a  two-circle,  reflecting  goniometer.  Results  are  set  forth  in  Table  5, 


TABLE  6 

Parameters  of  Unit  Cells 


Formula 

ahX 

bhX 

chX 

P 

Volume 
of  unit 
cell 
kXS 

No,  of 
mole¬ 
cules  in 
unit  cell 

Ratio  of 

roentgenographlc 

axes 

CflllsOjSK 

1.3.96 

7.21 

10.01 

93°15’±5' 

100.5.9 

3.92-4 

1.936: 1  : 1.388 

C9H5O5SNII4 

14.40 

7.52 

9.94 

93°45'±3' 

1074.0 

4.(/6-4 

1.915: 1  : 1..322 

CBUcOaSnb 

14.35 

7.45 

10.00 

93®32'±5' 

1U67.0 

3.90-4 

1.916  : 1  : 1.342 

All  of  the  investigated  crystals  have  a  prismatic  form  and  belong  to  the  prismatic  class  of  monoclinic  syn- 
gony.  The  main  forms  are  {lOO}  ,  {201}  ,  {ool}  ,  and  {201}  pinacoids  and  {llO}  and  {Oll}  prisms. 

Powder  diagrams  were  prepared,  using  copper  radiation,  around  [100],  [010],  and  [001]  for  approximate 
evaluation  of  the  unit  cell  parameters.  Values  of  a,  b,  and  c  calculated  from  the  distances  between  the  layer 
lines  are  presented  in  Table  6,  The  number  of  molecules  per  unit  cell  was  calculated  from  the  unit  cell  volumes 
and  from  the  density.  The  analogous  composition  and  the  close  similarity  in  parameters  of  the  unit  cell  indicate 
that  the  three  salts  are  evidently  isomorphous. 
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TABLE  7 


Identity  Periods  of  Potassium  Salt  of 
l,3-Indanedione-2-Sulfonic  Acid 


Direction 
of  rotation 

Identity  periods  (in  kX) 

calc. 

1 

found 

1110] 

1.5.71 

1.5.63 

IKIIj 

17.64 

17.70 

lUllJ 

12.33 

12.40 

TABLE  8 


The  ratio  of  the  crystallographic  axes  was  calculated  from  the 
coordintcs  of  the  (110)  and  (20l)  faces.  The  following  values  were 
obtained: 


C.HjOjSK  \a:b:  c= 1.934  :  1  :  1.387. 
CpHjOjSNH^  a:b\  c=1.917  :  1  :  1.329, 
CgHjOjSRb  a:b:  c=1.936  :  1  :  1.346. 

The  translation  group  was  determined  with  the  help  of  addition¬ 
al  powder  diagrams  around  [110],  [101],  and  [Oil],  The  identity 
periods  of  the  potassium  salt  of  l,3-indanedione-2-sulfonic  acid  ob¬ 
tained  in  this  way  are  set  forth  in  Table  7, 


Solubility  of  Alkali  Metal  and  Ammonium  Salts  (g  per  100  ml)  of  l,3-Indanedione-2- 
-Sulfonic  Acid  in  Water  and  Ethanol  at  20* 


Solvent 

c,n,o,si,i 

C,HjO»SNa  •  211,0 

C,H»O.SNn, 

CjH.OjSK 

C,H,0,SRb 

Water 

22.91 

11.50 

4.27 

0.822 

1.13 

Ethanol 

0.155 

0.097 

0.082 

0.021 

0.021 

These  results  indicate  that  the  crystal  is  based  on  a  primitive  translation  group.  In  view  of  the  complete 
analogy  between  the  salts  investigated,  the  foregoing  observations  may  also  apply  to  the  ammonium  and  rubidium 
salts. 


The  solubilities  of  the  salts  were  also  determined  in  water  and  alcohol  at  20*  (Table  8), 
The  solubility  decreases  with  Increasing  radius  of  the  cation. 


SUMMARY 

Crystals  of  the  lithium,  sodium,  potassium,  ammonium,  and  rubidium  salts  of  l,3-lndanedione-2-sulfonlc 
acid  were  investigated.  Determinations  were  made  of  the  crystal  class,  the  unit  cell  parameters,  the  number  of 
molecules  in  the  unit  cell,  and  the  solubility  in  water  and  ethanol  at  20*. 
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One  of  the  causes  of  the  deep  color  of  phthalocyanine  dyes  is  nndoubtedlv  the  closed  conjugated  tetraazo- 
porphlne  (porphyrazine)  system, which  is  the  basis  of  these  dyes.  Changes  in  the  conjugated  chain  due  to  rupture 
and  shortening  must  lead  to  a  shift  of  the  absorption  spectrum  into  the  region  of  shorter  waves,  l.e.,  to  deepening 
of  color.  On  the  other  hand,  destruction  of  the  molecular  symmetry  must  result  in  lower  stability.  Interest  was 
therefore  attached  to  a  study  of  the  macrocycles  whose  formulas  are  given  here. 


15  n 

where  x=h, ch,,cchj ,ci.  (iv; 


They  resemble  phthalocyanine  in  structure,  but  in  place  of  one  or  two  iscindole  nuclei  they  contain  the 
same  number  of  benzene  rings  (I,  II,  in)  or  one  benzene  ring  and  a  naphthalene  nucleus  (IV).  The  benzene  ring 
also  contains  various  substituents.  Replacement  of  the  isoindole  nucleus  by  the  benzene  ring  markedly  affects  the 
color  of  the  comp)ound  and  its  stability.  Macrorings  are  much  more  deeply  colored  (violet-red  and  yellow)  than 
phthalocyanine,  and  they  are  less  resistant  to  chemical  reagents.  This  is  due  to  replacement  of  the  isoindole 
nucleus  by  a  benzene  ring, which  upsets  the  closed  chain  of  conjugation  which  characterizes  phthalocyanine.  The 
chain  undergoes  rupture  and  contraction. 

In  macrorings  with  one  benzene  ring  in  a  system  with  1,3-catbon  atoms  (I),  the  chain  of  conjugation  is 
broken  but  retains  an  adequate  length;  such  compounds  are  therefore  red-violet.  Macrocycles  become  unstable 
when  they  lose  their  symmetrical  structure.  They  break  down  in  concentrated  sulfuric  acid.  The  structure  of 
macrocycles  containing  a  hydrogen  or  a  methyl  in  place  of  X  has  been  described  in  the  literature  [1].  Substituents 
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in  the  benzene  ring  of  macrocycles  influence  the  absorption  spectrum,  shifting  the  absorption  maximum  in  the 
direction  of  longer  waves. 


X 

^max* 

(in  chlorobenzene) 

Hydrogen 

510 

Chlorine 

520 

Methyl 

540 

In  macrocycles  with  two  benzene  rings  (II),  the  conjugated  chain  is  still  shorter,  and  the  substituents  in  the 
benzene  ring  do  not  Influence  the  absorption  spectrum  of  macrocycles  in  the  visible  region;  their  color  is  there¬ 
fore  yellow  (X-rnax  methyl  alcohol).  The  structure  of  macrocycles  of  this  type,  containing  pyridine, 

benzene,  toluene,  or  naphthalene  rings,  has  been  described  in  the  literature  [2,3],  These  macrocycles  have  a 
symmetrical  structure  and,  therefore,  resist  the  action  of  chemical  reagents. 

Macrocycles  with  one  benzene  nucleus  in  a  ring  of  1,4-carbon  atoms  (III)  also  have  a  yellow  color  (X-^nax 
370  mp  in  chlorobenzene).  This  is  possibly  due  to  the  benzene  ring  not  being  in  the  same  plane  as  the  remainder 
of  the  molecule  and  not  participating  in  the  conjugation. 

Macrocycles  with  a  naphthalene  nucleus  entering  the  system  at  the  1,4-carbon  atoms  (IV)  have  an  absorp¬ 
tion  maximum  in  the  near-ultraviolet.  Analogous  compounds  containing  a  benzene  ring  (in)  have  their  maxi¬ 
mum  in  the  longer-wave  region.  The  absorption  maximum  depends  to  some  extent  on  the  nature  of  the  substituent. 


^  ^max* 

(in  methanol) 


Hydrogen  350 

Chlorine  340 

Methyl  330 

Methoxyl  365 


Macrocycles  (II,  III,  IV)  arc  soluble  in  concentrated  sulfuric  acid,  and  insoluble  in  hydrochloric  and  other 
dilute  mineral  acids,  but  their  yellow  color  changes  to  red.  The  color  is  restored  when  the  acid  solution  is  made 
alkaline.  These  color  changes  arc  probably  associated  with  formation  of  onium  salts.  The  macrocycles  are  read¬ 
ily  soluble  in  organic  solvents  on  heating,  and  they  arc  resistant  to  the  action  of  alkalies.  Macrocycles  with  a 
naphthalene  nucleus  (IV)  are  hydrolyzed  when  heated  in  dilute  mineral  acids. 

It  should  be  noted  that  the  nomenclature  of  the  compounds  in  question  has  not  been  fully  worked  out. 
Trivial  names  of  compounds  proposed  by  Linstead  [1-3],  which  we  used  for  convenience  [4],  are  unsatisfactory. 
Such  names  do  not  reflect  the  structure  of  the  macrocycle  and  the  relative  positions  of  the  individual  rings  and 
heteroatoms.  For  example,  compound  (I,  X  =  H)  is  named  triisoindolc- benzene  macrocycle. 

In  our  opinion,  the  compounds  should  be  given  a  rational  nomenclature  with  indication  of  the  number  of 
heteroatoms  in  the  large  cyclic  system,  and  of  the  nature  and  relative  position  of  the  other  nuclei  entering  into  the 
macrocycle.  On  this  basis,  compound  (I,  X  =  H)  might  be  called  tetraazacyclo-l,3-phenylenetriisolndollne. 
However,  it  might  be  more  expedient  to  name  new  compounds  on  the  basis  of  the  projected  Russian  organic 
nomenclature  [5],  although  this  has  not  yet  been  generally  accepted.  We  therefore  feel  constrained  in  the  ex¬ 
perimental  portion  to  name  the  macrocycles  on  the  basis  of  the  Ring  Index  [6],  even  though  these  names  are  very 
much  less  specific  than  those  of  the  scientific  nomenclature  of  the  Russian  project.  Below  we  give  the  rational 
and  scientific  names  (see  A,  P,  Terent'ev  et  al,  [5])  of  the  phthalocyanine  analogs  that  we  synthesized. 


Rational  Nomenclature  of  Synthesized  Macrocycles 

1,  Cyclo-l,3-phenylenetriisoindoline  (I,  X  =  H) 

2,  4-Methylcyclo-l  ,3-phenylenetriisoindoline  (I,  X  =  CH3) 

3,  4-Chlorocyclo-l,3-phenylenetriisoindoline  (I,  X  =  Cl) 

4,  Cyclo-l,3,l',3’-diphenylencdiisoindoline  (n,  X  =  H) 

5,  4-Methylcyclo-l,3,l',3'-diphenylenediisoindoline  (II,  X  =  CH3) 

6,  4-Methoxycyclo-l,3,l',3'-diphenylenediisoindoline  (II,  X  =  CX}H3) 


1558 


7,  4-Chlorocyclo-l,3,l’,3*-diphenylenediisoindoline  (II,  X  =  Cl) 

8,  Cyclo-l,3,l*,4*-diphenylenediisoindoline  (III,  X  =  H) 

9,  4-Methylcyclo-l,3,l*,4’-diphcnylencdii5oindol{ne  (III,  X  =  CH3) 

10,  4-Chlorocyclo-l,3,l*,‘r-diphenylcnediisoindoline  (III,  X  =  Cl) 

11,  4-MethoxycycIo-l,3,l’,l’-diphcnylenediisoiiidoline  (III,  X  =  (XH3) 

12,  Cyclo-l,3-phenylenc-l*,4’-naphthylt;ncdiisoindoline  (IV,  X  =  H) 

13,  4-Methylcyclo-1 ,3-phenylenc-l’,4*-naphthylcnediisoindoline  (IV,  X  =  CH3) 

14,  4-Chlorocyclo-l,3-phenylenc-I’,4*-naphthylencdiisoindoline  (IV,  X  =  Cl) 

15,  4-Methoxycyclo-l ,4-phenylene-l*,4'-naphthylenediisoindoline  (IV,  X  =  CX3H3) 

Scientific  Nomenclature  of  the  Synthesized  Macrocycles  on  the  Basis  of  the 
Projected  Russian  Organic  Nomenclature 

1,  l,10,l9,28,35,36,37-Hcptaazaoctacyclo-[3-8,12,17,21-26]-heptatricontene-2,ll,18,20,27-tetraatene- 
-4,13,22,30,30  (I,  X  =  H), 

2,  32- Methyl- 1,10, 19, 23 ,35,36,37-hcptaazaoctacyclo-[3-8 ,12-17,21-26]-heptatriacontenc-2,ll,18,20,27- 
-tetraarcnc-4,13, 22,30  (I,  X  =  Cn3), 

3,  32-Chloro- 1 ,10 ,19 ,28 ,35,36 ,37-heptaazaoctacyclo- [3-8 ,12- 17 ,21-26]-heptatrlacontcne- 2 ,1 1 ,18 ,20 ,27- 
-tetraarenc-4,13,22,30  (I,  X  =  Cl), 

4,  1,10 ,16, 25,32, 34- Hexaazaheptacyclo-[3-8 ,18-23]-tetratriacontcne-2,9,17,24-tetraarene-4,12,19,27 
(n,  X  =  H). 

5,  29-Methyl- 1,10, 16,25 , 32,34-hexaazaheptacyclo-[3-8, 18-23 ]-tetratricontene-2,9 ,17, 24-tetraarene- 
-4,12,19,27  (II,  X  =CH3), 

6,  29- Mcthoxy- 1,10, 16, 25,32, 34-hexaazaheptacyclo-[3-8, 18-23 ]-tetratriacontene- 2, 9,17, 24-tetraarene- 
-4,12,19,27  (II,  X  =  (XH3), 

7,  29-Chloto- 1 ,10 ,16 ,25 ,32 ,34- hexaazaheptacyclo-  [3-8 ,18-23]- tetratriacontene- 2 ,9 ,17 ,24-tetraarene- 
-4,12,19,27  ai,  X  =  Cl). 

8,  l,10,15,24,31,34-Hexaazaheptacyclo-[3-8 ,17-22]-tetratriacontene-2,9,16,23-tetraarene-4,12,18,26 
au,  X  =  H). 

9,  28-Methyl-l,10,15,24,31,34-hexaazahcptacyclo-[3-8,17-22]-tctratrIacontene-2,9,16,23-tetraarene- 
-4,12,18,26  (m,  X  =CH3). 

10,  28-Chloro- 1,10, 15, 24 ,31, 34- hexaazaheptacyclo- [3-8 ,17-22]-tetratriacontene-2,9,16,23-tetraarene- 
-4,12,18,26  (ni,  X  =Cl). 

11,  28-Mcthoxy- 1,10, 15, 24,31, 34-hexaazaheptacyclo-[3-8, 17- 22]-tetratriacontene-2, 9,16, 23-tetraarene- 
-4,12,18,26  (m,  X  =  OCH3). 

12,  l,10,l9,28,35,38-Hexaazaoctacyclo-[3-8,12-17,21-26]-octatriacontene-2,9,20,27-pentaarene- 
-4,13,22,30,37  (IV,  X  =  H), 

13,  32-Methyl-l,10,19,28,35,38-hexaazaoctacyclo-[3-8,12-17,21-26]-octatiiacontene-2,9,20,27-penta- 
arene-4,13,22,30,37  (IV,  X  =  CHj). 

14,  32-Chloro- 1 ,10 ,19 ,28 ,35 ,38 -hcxaazaoctacyclo-[3-8 ,12- 17 ,21-26]-octatriacontene-  2 ,9 ,20 ,27-penta- 
arene-4,13,22,30,37  (IV,  X  =  Cl), 

15,  32- Methoxy- 1,10, 19,28 ,35,38-hexaazaoctacyclo-[3-8, 12- 17,21- 26]-octatriacontene-2, 9,20, 27-penta- 
arene-4, 13 ,22,30,37  (IV,  X  =  (XIIj), 


EXPERIMENTAL 

(With  participation  of  students  V.  I,  Erikhov,  M,  I,  Sokorina,  and  A,  L,  Smirnova) 

Macrocycles  were  synthesized  by  the  following  procedure.  Butyl  alcohol  was  charged  into  a  flask  fitted 
with  reflux  condenser  and  stirrer.  Equimolar  quantities  of  1 .3-di-(l-imino-3-isoindolinylideneamino)-benzene 
(or  its  substituted  derivatives)  and  1 ,3-diiminoisoindoline  (or  1,3-  or  1 ,4-phenylenediamine  or  1 ,4-naphthylene- 
diamine)  were  then  dissolved.  The  solution  was  boiled  until  ammonia  ceased  to  come  off.  The  precipitate  was 
filtered  and  washed  with  hot  methanol  or  crystallized  from  suitable  solvents  until  the  melting  point  was  un¬ 
changed. 
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7,14.21,27-Tetraaza-22,26-phenylenetrilsolndollne  (I,  X  =  H),  Prepared  from  36,4  g  of  l,3-dl-(l -Imlno- 
-3-lsoindoUnylfdeneamino)-ben2ene  and  14.5  g  of  1 ,3-diiminoisoindollne  in  250  ml  of  butyl  alcohol  with  heat¬ 
ing  for  10  hr.  Yield  70*70.  M.p,  330-332*.  The  literature  [1]  gives  m.p,  328-330*.  Dark  claret  needles,  Insoluble 
In  methanol,  ethanol,  and  acetone;  soluble  in  aromatic  hydrocarbons  (benzene,  toluene,  xylene,  and  nitrobenzene); 
soluble  with  later  decomposition  in  concentrated  sulfuric  and  hydrochloric  acids, 

25-Mcthyl-7.14,21 ,27-tetraaza-22,26-phenylenetrilsoindoline  (I,  X  =  CH3).  Prepared  from  37,6  g  of  2,4- 
-di-(l-imino-3-isoindolinylideneamino)-tolucne  and  14,5  g  of  diimlnoisolndoline  with  heating  in  250  ml  of  butyl 
alcohol  for  10  hr.  Yield  72*70,  m.p.  280*.  The  literature  [1]  gives  m.p.  285*.  Dark  claret  needles,  stable  toward 
alkalies.  Soluble  in  concentrated  mineral  acids  (followed  by  decomposition),  readily  soluble  in  aromatic  hydro¬ 
carbons  (benzene,  toluene,  xylene,  and  nitrobenzene) on  heating. 

25-Chloro-7, 14,21, 27-tetraaza-22,26-phenylenetriisoindoline  (I,  X  =  Cl).  Prepared  from  28  g  of  1,3-dl- 
-(l-imino-3-isoindolinylideneamino)-chlorobenzene  and  10,5  g  of  diimlnoisoindoline  in  300  ml  of  butyl  alcohol 
with  heating  for  2  hr.  Yield  50*7o,  m.p.  310*  (from  nitrobenzene). 

Found  %  C  70.94;  H  3.67;  N  18.42;  Cl  7.20.  CjoHigNTCl.  Calculated  *7<?  C  70.65;  H  3.16;  N  19,23;  Cl 

6.97. 

Small,  dark-colored,  fine  needles.  Stable  toward  alkalies.  Decomposes  in  concentrated  mineral  acids. 
Soluble  in  benzene,  toluene,  and  nitrobenzene, 

7,13,20 ,2G-Tctraaza-8,12,21,25-diphenylenediisoindoline  (II,  X  =  H),  Prepared  from  7.3  g  of  l,3-dl-(l- 


l,3-di-(l-imino-3-isoindolinylideneamino)-chlorobenzene  and  1,2  g  of  p-phenylenediamine.  Yield  68*7o,  M,p. 
293-294*. 

Found  %  C  73.10;  H  3.88;  N  17.21.  M  473,8.  CaHiyNgCl.  Calculated  %  C  73.22;  H  3.59;  N  17,08;  M 
472.5. 
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23-Methoxy-7,12,19,25-tetraa2a-8.11.20,24-diphenylencdii$oindollrie  (III,  X  =  OCH3).  Prepared  from 
4.3  g  of  1 ,3-di-(l-imino-3-isoindolinylideneamino)-methoxybcnzene  and  1.2  g  of  p-phenylenediaminc.  Yield 
63*^.  M.p.  315.6-316.6*. 

Found  C  71.23;  H  4.85;  N  17.30.  M  470.2.  CzgHzoONg.  Calculated  ^<k  C  74.34;  H  4.31;  N  17.93. 

M  468. 

7,14.21,27-Tetraaza-8 ,13-naphthylene-22,26-phenylenedli50indollne  (IV,  X  =  H).  Prepared  from  3,7  g 
of  l,3-dl-(l-imlno-3-lsolndollnylideneamlno)-benzene  and  1.6  g  of  1,4-naphthylenediamlne  In  50  ml  of  butyl 
alcohol  with  heating  for  50  hr.  M.p.  300-303*  (from  chlorobenzene). 

Found  %  C  77.83;  H  4.35;  N  16.98.  M  490.  C32H20N6.  Calculated  %  C  78.67;  H  4.14;  N  17.19.  M  488. 

25-Methvl-7,14,21,27-tetraaza-8.13-naphthylcne-22.26-phcnylenedli50lndollne  (IV,  X  =  CH3).  Prepared 
from  3.8  g  of  l,3-di-(l-imlno-3-lsoindolinylideneamino)-toluene  and  1,6  g  of  1,4-naphthylenediamine  In  60  ml 
of  butyl  alcohol  with  boiling  for  32  hr,  M.p,  312-313,5*  (from  methanol). 

Found  C  78.03;  H  4.70;  N  16.45.  M  503.  CjsHzjNg.  Calculated  %  C  78,86;  H  4.42;  N  16.72.  M  502. 

25-Chloro-7,14,21,27-tetraaza-8 .13-naphthylcne- 22.26-phcnylcnediisoindoline  (IV.  X  =C1).  Prep ared 
from  3,9  g  of  l,3-di-(l-imino-3-isoindoIinylideneamino)-chlcrobenzene  and  1.6  g  of  1,4-naphthylenediamine 
in  60  ml  of  butyl  alcohol  with  boiling  for  40  hr.  The  product  was  brought  down  by  methanol,  M,p.  270-273* 
(from  methanol). 

Found  %  C  73.04;  H  3.81;  N  15.85;  Cl  8.92.  M  523.3.  C32H29N6C1.  Calculated  %:  C  73.48;  H  3.68; 

N  16.05;  Cl  9.38,  M  522.5. 

25-Mcthoxy-7,14,21,27-tetraaza-8,13-naphthylene-22.2G-phenylenedlisolndolinc  (IV,  X  =  OCH3). 
pared  from  3.9  g  of  l,3-di-(l-imino-3-isoindolinylidcneamino)-methoxybcnzene  and  1.6  g  of  1,4-naphihylene- 
diamine  in  60  ml  of  butyl  alcohol  with  boiling  for  40  hr.  M.p.  205-207*  (from  toluene). 

Found  C  75.96;  H  4.44;  N  15.85.  M  521.  C33H22ON6.  Calculated  %  C  76.43;  H  4.28;  N  16.20.  M  518. 

SUMMA  RY 

1,  Twelve  macrocycles  (analogs  of  phthalocyanine),  not  previously  described  in  the  literature,  were  pre¬ 
pared:  25-chloro-7, 14,21, 27-tetraaza-22,26-phenylcnctriisoindoline;  24-methyl-,  24-methoxy-,  and  24-chloro- 
-7,13,20,26-tetraaza-8 ,12,21 ,25-diphenylenediisoindoline;  7, 12, 19,25- tetraaza-8, 11,20, 24-dlphcnylenediiso- 
indoline;  23-methyl-,  23-methoxy-,  and  23-chloro-7, 12, 19,25-tetraaza-8, 11,20 ,24-diphenylenediisoindoline; 
7,14,21,27-tetraaza-8,13-naphthylene-22,26-phcnylcnediisoindoline;  25- methyl-,  25-mcthoxy-,  and  25-chloro- 
-7,14,21,27-tetraaza-8,13-naphihylene-22,26-phenylenediisoindoline,  Their  composition  and  absorption  spectra 
were  determined, 

2,  It  was  shown  that  replacement  of  one  or  two  Isoindole  nuclei  in  phthalocyanine  by  one  or  two  benzene 
rings  leads  to  a  shift  of  the  absorption  maximum  into  the  region  of  shorter  waves,  Substitutents  in  the  benzene 
ring  have  little  or  no  influence  on  the  absorption  spectrum, 

3,  A  rational  and  scientific  nomenclature  was  worked  out  for  the  macrocycles  synthesized. 
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Preparation  of  derivatives  of  iminosulfonic  acids  was  first  reported  in  1858  by  R,  Fittig  [1],  and  shortly 
afterwards  by  C,  Gerhardt  [21.  However,  in  1869,  H,  VVichelhaus  showed  that  their  results  were  erroneous  [3], 

O,  Wallach  and  T.  lluth  [4]  attempted  to  prepare  derivatives  of  iminosulfonic  acids  by  the  action  of  PCI5  on 
arylamides  of  sulfonic  acids,  but  were  only  able  to  establish  chlorination  of  the  aromatic  nucleus  attached  to  the 
amido  group; 

CV.n:.SO.^N’|l(V.llr,  -f  PCI.  —  IlCl  I’Cl., (’^ll.-.SOoNIlQUiCI-p. 

In  1930, 1.  Braun  and  K.  Weissbach  [5]  reported  the  preparation  of  chlorides  of  N-ethylalkaneiminosulfonic  acids 
by  the  action  of  PCI5  on  ethylamides  of  n-butane-,  isopentane-,  and  cyclohexanesulfonic  acids. 

4  PCI-  — ♦  POCl.H-  IICI  +  nSO(=N(:2H5)Cl  (1) 

According  to  Braun  and  Weissbach,  these  chlorides  are  hydrolyzed  with  very  great  difficulty,  and  do  not 
react  with  phenates  and  amines,  i.e.,  they  lack  the  properties  of  acid  chlorides  of  sulfonic  acids,  Braun  and 
Weissbach  did  not  adduce  any  evidence  at  all  in  support  of  their  structure. 

There  are  no  grounds  for  assuming  that  chlorides  of  N-ethylalkaneiminosulfonic  acids  should  not  possess 
the  properties  of  acid  chlorides  (see  below).  We  therefore  made  a  careful  experimental  check  of  the  work  of 
Braun  and  Weissbach  [5],  It  was  found  that  all  of  the  factual  data  for  reaction  of  PCI5  with  ethylamides  of  sul¬ 
fonic  acids  presented  in  the  paper  were  inaccurate.  Heating  of  PCI5  with  the  ethylamide  of  n-butanesulfonic 
acid  leads  to  release  of  PCI3  and  not  of  POCI3  (sec  reaction  1).  Heating  of  PCI5  with  the  ethylamide  of  cyclo¬ 
hexanesulfonic  acid  leads  to  release  of  71.57o  of  PCI3  and  only  8.8%  of  POCI3.  Hence,  reaction  (1)  only  takes 
place  to  a  very  minor  extent  (if  at  all),  the  main  reaction  being  chlorination,  as  observed  by  Wallach  and  Huth 
[4],  and  not  replacement  of  oxygen  atoms  by  chlorine.  Reaction  of  PCI5  with  the  ethylamide  of  n-butanesulfonic 
acid  gives  1,5  moles  HCl  per  mole  PCI5,  indicating  the  detachment  of  HCl  from  the  initially  formed  products  of 
chlorination.  The  resulting  unsaturated  compounds  can  be  further  chlorinated  with  facility,  and  in  this  way  we 
account  for  the  formation  of  the  tetrachloro  derivative  of  the  ethylamide  of  cyclohexanesulfonic  acid  (see  below). 

The  main  bulk  of  products  of  reaction  of  PCI5  with  ethylamides  of  n-butane-  and  cyclohexanesulfonic 
acids  comprises  noncrystallizing  liquids  that  distill  in  vacuo  with  slight  decomposition,  and  contain  a  high  pro¬ 
portion  of  phosphorus  and  nonhydrolyzing  chlorine.  Only  a  small  quantity  of  crystalline  substances  can  be  isolated 
from  these  products,  and  the  crystals  are  not  acid  chlorides  of  N-ethylalkaneiminosulfonic  acids.  The  liquid 
product  to  which  Braun  and  Weissbach  assigned  the  structure  of  the  acid  chloride  of  N-ethylbutaneiminosulfonic 
acid,  n-C4H9SO(=NC2H5)Cl,  contains  2,5%' of  phosphorus,  and  is  evidently  a  mixture.  There  are  consequently  no 
grounds  for  assigning  to  it  a  definite  structure,  particularly  in  the  light  of  its  chemical  properties.  The  crystal¬ 
line  substance  to  which  Braun  and  Weissbach  assigned  ihe  structure  of  the  chloride  of  N-ethylcyclohexanelmlno- 
sulfonic  acid,  CeHuSO(=NC2H5)Cl,  has  a  sharp  melting  point  which  is  2*  higher  than  the  melting  point  of  the 
ethylamide  of  cyclohexanesulfonic  acid,  does  not  give  a  depression  in  admixture  with  the  latter,  but  contains 
about  4%  of  chlorine.  The  chlorine  content  fell  after  repeated  crystallizations  (to  2,7%  after  five  crystallizations), 
but  the  crystal  form  and  melting  point  did  not  alter.  In  all  probability,  this  substance  is  a  mixture  of  the  original 
ethylamide  of  cyclohexanesulfonic  acid  and  products  of  its  chlorination  with  which  it  forms  mixed  crystals.  This 
would  account  for  the  sharp  melting  point  and  the  absence  of  a  melting  point  depression  in  admixture  with  the 
ethylamide  of  cyclohexanesulfonic  acid.  Moreover,  a  crystalline  substance  that  separated  from  the  products  of 
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TABLE 


Equlv.  after  hydrolysis  of  5.00  calculated  for  all  compounds 
•Crude  product, 

•  •  Hydrolyzable  chlorine. 


reaction  of  PCI5  with  the  ethylamlde  of  cyclohexanesulfonic  acid  corresponded  in  composition  to  a  tetrachloro 
derivative  of  the  ethylamide  of  cyclohexanesulfonic  acid.  The  liquid  products  of  reaction  of  PCI5  with  the  ethyl- 
amide  of  cyclohexanesulfonic  acid  contain  a  high  proportion  of  phosphorus.  Far-reaching  chlorination  is  accord¬ 
ingly  the  main  process  when  PCI5  acts  on  the  ethylamides  of  n-butane-  and  cyclohexanesulfonic  acids,  and  this 
explains  the  formation  of  PCI3  and  the  presence  of  unchanged  starting  substance  after  reaction.  Formation  of 
phosphorus-containing  compounds  of  unknown  structure  proceeds  at  the  same  time  as  chlorination. 

It  has  thus  been  shown  that  the  compounds  obtained  by  Braun  and  Weissbach  by  the  action  of  PCI5  on  ethyl- 
amides  of  sulfonic  acids  are  not  (judging  by  their  composition  and  chemical  properties)  acid  chlorides  of  N-ethyl-, 
n-butanc-,  and  N-ethylcyclohexanciminosulfonic  acids.  Consequently,  not  a  single  acid  chloride  of  an  imino- 
sulfonic  acid  has  been  prepared  up  to  the  present  time. 

Reaction  of  PCI5  with  the  diacid  chlorides  of  arylsulfonamidophosphoric  acids  might  be  expected  to  yield 
either  acid  chlorides  of  N-dichlorophosphinylareneiminosulfonic  acids  [reaction(2jor  trichlorophosphazosulfon- 
ary'ls  [reaction  (3)J, 


ArSOjNnrOCIjfPC):, 


IlCl  -f  POCI3  +  ArSO(=NPOCl2)Cl 
llCl  4-  P0C1.1  -f  ArS02N=PCl3 


(2) 

(3) 


Experiments  showed  that  diacid  chlorides  of  arylsulfonamidophosphoric  acids  in  which  the  aryls  contain 
electronegative  substituents  react  with  FCI5  according  to  Eq,  (3)  [6],  but  in  all  cases  the  reaction  is  accompanied 
by  formation  of  noncrystallizing  secondary  products  from  which  pure  substances  have  not  so  far  been  isolated  (see 
below).  In  reaction  of  PCI5  with  diacid  chlorides  of  arylsulfonamidophosphoric  acids  whose  aryls  do  not  contain 
electronegative  substituents,  one  mole  of  HCl  and  one  mole  of  POCI3  are  released  and  the  acid  chlorides  of  N- 
-dichlorophosphinylareneiminosulfonic  acids  are  formed  in  good  yields  in  accordance  with  Eq,  (2),  Their  struc¬ 
ture  is  confirmed  by  elementary  analysis,  by  determinations  of  their  molecular  weights  and  chemical  properties, 
and  also  by  the  composition  and  properties  of  their  derivatives,  namely  the  phenyl  esters  of  N-diphenyloxy- 
phosphinylareneiminosulfonic  acids. 

Formation  of  acid  chlorides  of  N-dichlorophosphinylareneiminosulfonic  acids  by  the  action  of  PCI5  on  di- 
acid  chlorides  of  arylsulfonamidt^hosphoric  acids  opens  tip  a  route  to  the  preparation  of  diverse  derivatives  of 
iminosulfonic  acids,  and  to  the  study  of  the  properties  of  this  new  class  of  compounds.  Acid  chlorides  of  N-di- 
chlorophosphinylarenciminosulfonic  acids  of  the  type  of  ArSO(=NPOCl2)Cl  (Table  1)  arc  colorless,  crystalline 
or  liquid  substances,  insoluble  in  water,  readily  soluble  in  ether,  benzene,  CCI4,  dioxane,  acetone,  and  chloro¬ 
form,  sparingly  soluble  in  ligroine, and  having  a  characteristic  weak  odor  resembling  that  of  acid  chlorides  of 
arenesulfonic  acids.  Most  of  them  melt  below  the  corresponding  isomeric  trichlorophosphazosulfonaryls,  and  the 
melting  points  of  their  mixtures  with  the  latter  are  sharply  depressed. 

Chemically,  the  acid  chlorides  of  N-dichlorophosphinylareneiminosulfonic  acids  are  typical  acid  chlorides 
and  exhibit  all  the  reactions  of  acid  chlorides  of  arenesulfonic  acids  and  of  diacid  chlorides  of  arylsulfonamido- 
phosphoric  acids,  but  differ  from  the  latter  in  lacking  the  properties  of  acids  [7],  At  room  temperature  they  are 
slowly  hydrolyzed  by  water  (at  approximately  the  same  rate  as  acid  chlorides  of  arenesulfonic  acids, and  very 
much  more  slowly  than  the  corresponding  isomeric  trichlorophosphazosulfonaryls).  They  are  rapidly  hydrolyzed 
by  boiling  water. 


ArS0(=NP0Cl2)Cl  4-  311CI  -f  1131*04  -j-  ArS02NH2 

Acid  chlorides  of  N-dichlorophosphinylareneiminosulfonic  acids  easily  enter  into  reaction  with  alcohols, 
phenols,  ammonia,  amines,  alkoxides,  phenoxides,  and  other  compounds  containing  active  atoms  of  hydrogen  or 
metals.  Treatment  with  sodium  phenoxide  or  p-nitrophenoxide  converts  them  in  good  yields  into  aryl  esters  of 
N-diaroxyphosphinylareneiminosulfonic  acids  (Table  2), 


ArSOf=M’OCl2)a  4-3Ar’ONa  — ►  ArSO[=NPO(OAr’)2)(OAr’)  -f  3NaCI 

Aryl  esters  of  N-diaroxyphosphinylareneiminosulfonic  acids  are  colorless,  crystalline,  neutral  substances 
whose  chemical  properties  resemble  those  of  aryl  esters  of  aromatic  sulfonic  acids  and  diaryl  esters  of  arylsulfon¬ 
amidophosphoric  acids,  although  they  differ  from  the  latter  in  not  being  acidic.  They  are  hydrolyzed  with 


1564 


considerably  greater  difficulty  than  their  isomeric  triaroxyphosphazosulfonaryls,  and  in  admixture  with  the  latter 
their  melting  points  are  sharply  depressed.  Drastic  saponification  with  caustic  alkalies  in  aqueous  alcoholic  solu¬ 
tions  gives  the  diphenyl  esters  of  arylsulfonamidophosphoric  acids.  This  reaction,  considered  in  association  with 
results  of  determinations  of  elemental  composition  and  molecular  weight  and  with  the  method  of  formation,  can 
be  taken  as  proof  of  their  structure,  * 

Up  to  now,  no  cases  were  known  of  reaction  of  PCI5  with  the  >S02  group  in  sulfones  or  sulfonic  acid  deriva¬ 
tives  that  could  lead  to  replacement  of  the  oxygen  atoms  of  the  >SOz  group  by  chlorine  atoms.  It  was  therefore 
of  interest  to  consider  the  possible  causes  of  formation  of  acid  chlorides  of  N-dichlorophosphinyliminosulfonic 
acids  by  reaction  (4),  The  oxygen  atoms  bound  to  sulfur  and  phosphorus  atoms  in  molecules  of  the  type  of 
XSO2NHPOZ2  can  react  with  PCls. 
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Reaction  (4)  can  take  place  if  the  electronic  density  at  the  oxygen  atom  attached  to  the  sulfur  atom  is 
greater  than  that  at  the  oxygen  atom  attached  to  the  phosphorus  atom  —  and  conversely.  Therefore,  factors  that 
promote  an  increased  electronic  density  of  the  oxygen  of  the  S  -*  O  group  must  promote  reaction  (4),  while  fac¬ 
tors  that  promote  an  increased  electronic  density  of  the  oxygen  of  the  P  -►  O  group  must  promote  reaction  (5), 
Hence,  the  less  electronegative  is  group  X,  the  greater  the  probability  that  reaction  (4)  will  take  place;  on  the 
other  hand,  the  less  electronegative  are  the  Z  groups,  the  greater  the  probability  that  reaction  (5)  will  take  place. 
The  most  favorable  conditions  for  formation  of  acid  chlorides  of  iminosulfonlc  acids  are  created  when  group  X 
has  minimum  electronegativity  [so  promoting  reaction  (4)],  and  groups  Z  have  maximum  electronegativity  [which 
suppresses  reaction  (5)J.  The  second  step  of  the  reaction  -  cleavage  of  the  addition  product  by  the  action  of  HCl  — 
must  proceed  the  more  easily  the  greater  the  polarization  of  the  S  -*  O  bonds  and,  in  turn,  of  the  P  ->0  bonds. 
Consequently,  the  nature  of  the  X  and  Z  groups  affects  the  second  steps  of  the  reaction  in  the  same  direction  as 
they  affect  the  first  steps,  since  increased  electronegativity  of  X  and  Z  hinders  polarization  of  the  S  -*  O  and 
P  -♦  O  bonds,  respectively. 


Since  the  probability  of  the  reaction  proceeding  in  one  direction  or  the  other  depends  not  only  on  the  pos¬ 
sibility  of  formation  of  intermediate  products,  but  also  on  the  "gainfulncss*  of  the  end  product,  consideration 
should  also  be  given  to  the  influence  of  the  nature  of  the  X  and  Z  groups  on  the  stability  of  the  final  reaction 
products.  The  nature  of  Z  evidently  has  little  influence  on  the  stability  of  the  end  products,  but  that  of  X  has 
a  great  influence.  If  X  groups  are  first-order  substituents  in  the  benzene  ring  in  the  ortho-  and  para- positions, 
then  the  bonds  in  the  acyclic  part  of  the  conjugated  system  in  the  resulting  acldcldorideofthe  N-dichlorophosphinyl 
areneiminosulfonic  acid  may  become  equivalent,  with  consequent  stabilization  of  the  molecule.  For  example: 


^  0  Cl 

(IV) 

CL  CL 

The  presence  of  second-order  substituents  suppresses  the  possibility  of  bond  equivalence.  Consequently, 
the  presence  in  the  benzene  ring  of  group  X  of  electropositive  substituents  favors  reaction  (4)  not  only  because 
it  renders  the  whole  of  group  X  less  electronegative,  but  also  because  it  makes  the  end  product  more  gainful. 

The  influence  of  substituents  in  the  benzene  ring  is  transmitted  by  mesomeric  and  inductive  effects,  since  ortho-, 
meta-,andpara-nitro  derivatives  mainly  react  according  to  (5)  with  formation  of  phosphazo  compounds.  How¬ 
ever,  the  mesomeric  effect  plays  a  much  bigger  part  than  the  inductive  effect,  since  the  acid  chloride  of  m- 
-trifluoromethyiphenylsulfonamidophosphoric  acid  reacts  mainly  according  to  (5),  i,e,,  in  this  case  the  m- 
-CF2C6H4  group  is  not  sufficiently  electronegative  to  enable  reaction  (4)  to  take  place. 
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Aryl  Esten  of  N-Diaroxyphosphinylareneiminosulfonic  Acids  of  the  Type  of  XC6H4SO[  =NPO(OC5HY4)j](OC6H4Y) 
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On  the  basis  of  the  foregoing  considera¬ 
tions  we  can  infer  that  lowering  of  the  electro¬ 
negativity  of  group  X  speeds  up  the  first  and 
second  steps  of  reaction  (4)  and  makes  the 
structure  of  the  end  product  more  gainful, 
while  lowering  of  the  electronegativity  of 
groups  Z  speeds  up  the  first  and  second  steps 
of  reaction  (5)  and  thereby  counteracts  re¬ 
action  (4),  The  experimental  results  fully 
confirm  these  conclusions.  In  Table  3  are 
set  forth  examples  of  all  of  the  four  theoreti¬ 
cally  possible  combinations  of  groups  X  and 
Z  in  compounds  of  the  type  of  XSO2NHPOZ2, 

We  see  from  the  table  that  reaction  (4) 
only  takes  place  when  groups  Z  are  of  such  a 
nature  that  they  suppress  reaction  (5),  and 
groups  X  are  of  such  a  nature  that  they  pro¬ 
mote  both  steps  of  reaction  (4)  and  the  gain¬ 
fulness  of  the  end  product.  It  is  unlikely,  how¬ 
ever,  that  diacid  chlorides  of  arylsulfonamido- 
phosphoric  acids  with  electronegative  groups 
X  would  react  only  according  to  reaction  (5), 
and  that  those  with  electropositive  groups  X 
would  react  only  according  to  reaction  (4), 

The  reaction  probably  goes  in  both  directions, 
but  only  the  product  of  the  main  direction  can 
be  isolated  in  the  pure  state ,  since  acid  chlo¬ 
rides  of  N-dichlorophosphinylareneiminosul- 
fonic  acids  and  the  corresponding  isomeric 
trichlorophosphazosulfonaryls  possess  very 
similar  physical  and  chemical  properties  and 
give  low-melting  eutectic  mixtures.  It  is 
highly  probable  that  such  mixtures  are  non¬ 
crystallizing  secondary  products  of  reaction 
of  PCI5  with  acid  chlorides  of  arylsulfon- 
amidophosphoric  acids  containing  both  electro¬ 
positive  and  electronegative  aryl  groups.  The 
above  theoretical  conclusions  not  only  account 
for  the  formation  of  acid  chlorides  of  N-dl- 
chlorophosphinylarcneiminosulfonic  acids  by 
the  action  of  PCI5,  but  also  point  to  routes  for 
synthesis  of  derivatives  of  iminosulfonic  acids 
by  other  methods, 

EXPERIMENTAL 
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Acid  chlorides  of  N-dichlorophosphinyl- 
iminosulfonic  acids  (Table  1),  A  mixture  of 
0,1  mole  of  diacid  chloride  of  arylsulfon- 
amidophosphoric  acid,  0,103  mole  of  PCI5, 
and  20  ml  of  CCI4  was  refluxed  on  an  oil 
bath  at  90"  until  HCl  ceased  to  come  off. 
Solvent  and  POCI3  were  distilled  off  in  vacuo. 
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TABLE  3 


Direction  of  Reaction  XSOzNHPOZj  +  PCI5  -*  XSO(  =  NPOZ2)Cl  or  XSO,  =  NPZjCl 


Group  X 

Group  Z 

Direction  of  reaction 

C5H5,  p-ClCgH^  (relatively*  electro¬ 
negative) 

OCgHs  (relatively  electropositive) 

(m),  ArSOaN  =  PfOCglVCl  [6] 

CcHs,  0-  and  P-CH3C6H4,  p- 
-CH3OC6H4,  P-CIC6H4,  p-BrC6H4, 
P-FC6H4,  and  m-CF3C6H4  (relative¬ 
ly  electropositive) 

Cl  (relatively  electronegative) 

(n),  ArSO(=  NPOCl2)Cl 

0-,  m-,  and  P-NO2C6H4  (relatively 
electronegative) 

(XI^Hs  (relatively  electropositive) 

(m),  ArSOjN  =  P(CX:6H5)2C1  [6] 

0- ,  m- ,  and  P-NO2C6H4  and 
p-C6H50S02Cr,H4  (relatively 
electronegative) 

Cl  (relatively  electronegative) 

(m),  ArSOjN  =  PClj  [6] 

•For  the  given  reaction. 


The  residual  yellow  oil  crystallized  on  cooling  in  the  majority  of  cases.  Quantitative  yields.  Experiments  in 
which  the  amount  of  HCl  and  POCI3  was  determined  were  performed  without  a  solvent.  Yield  of  HCl  about  90%, 
yield  of  POCI3  SO-95%, 

Aryl  esters  of  N-dichlorophosphinylareneiminosulfonic  acids  (Table  2),  A  mixture  of  0.01  mole  of  acid 
chloride  of  N-dichlorophosphinylarenciminosulfonic  acid,  0,03  mole  of  sodium  aryloxide,  and  50  ml  of  benzene 
was  refluxed  for  an  hour.  The  NaCl  was  filtered  off  from  the  hot  solution,  the  filtrate  was  evaporated  to  dryness 
in  vacuo,  and  the  ester  was  crystallized  from  a  suitable  solvent. 

Hydrolysis  of  esters,  A  mixture  of  2  ml  of  1  N  aqueous  KOH,  1  ml  of  water,  2  ml  of  alcohol,  and  0,001 
mole  of  aryl  ester  of  N-diaroxyphosphinylareneiminosulfonic  acid  was  refluxed  until  the  whole  of  the  ester  had 
dissolved  (1,5-5  hr),  the  alcohol  was  taken  off  in  vacuo,  and  1,5  ml  of  1  N  HCl  solution  was  added  to  the  solution. 
The  diaryl  esters  of  arylsulfonamidophosphoric  acids  came  down  and  were  suction- filtered,  recrystallized,  and 
identified  by  mixed  melting  point  test.  Yields  80-95*70, 

Rt  action  of  PCI5  with  cthylamidc  of  n-butancsulfonic  acid  [5],  The  reaction  led  to  release  of  1,5  moles 
of  HCl  per  mole  of  PCI5,  After  the  reaction  had  been  completed,  the  PCI3  was  taken  off  in  vacuo  at  100*  in  an 
apparatus  fitted  with  a  receiver  cooled  to  —70*,  From  the  distillate  was  isolated  45,5*7®  of  PCI3  (calculated  on 
the  PCI5).  POCI3  was  not  found  in  the  distillate.  The  residue  was  a  dark,  mobile  liquid  (13  g).  It  was  distilled 
in  vacuo,  and  the  greater  part  (8,4  g)  came  over  at  134-136*  (0,15  mm)  as  a  transparent,  nearly  colorless,  but 
very  rapidly  darkening  liquid  containing  about  2,b°]ooi  phosphorus, which  was  not  removed  on  subsequent  distilla¬ 
tions,  Small  lower  and  higher  fractions  also  contained  phosphorus. 

Reaction  of  PCI5  with  ethylamide  of  cyclohexanesulfonic  acid  was  carried  out  under  the  conditions  described 
by  Braun  and  Wcissbach  [5],  After  completion  of  the  reaction  the  chlorides  of  phosphorus  were  removed  in  vacuo 
at  100*  (receiver  cooled  to  —70*),  From  the  distillate  was  isolated  71,5*70  of  PCI3  and  8,8*7o  of  POCI3  (calculated 
on  the  PCI5),  The  residue  after  removal  of  the  phosphorus  chlorides  was  a  dark,viscous  mass  (26  g  from  0,1  mole 
of  ethylamide  of  cyclohexanesulfonic  acid),  wliich  partly  crystallized  on  cooling.  The  product  distilled  in  vacuo 
with  partial  decomposition.  All  the  fractions  contained  phosphorus  and  chlorine.  The  main  bulk  (13  g)  came 
over  at  148-158*  (0,7  mm).  The  cooled  distillate  changed  into  a  semiliquid  crystalline  mass.  The  crystals  were 
suction- filtered  and  washed  with  ether.  Yield  4.6  g  (from  0,1  mole  of  starting  substance);  recrystallization  from 
hexane  gave  colorless  plates  with  m,p.  73-74*;  the  product  contained  about  4‘7oof  chlorine  (not  hydrolyzable), 
and  did  not  give  a  depression  of  melting  point  in  admixture  with  the  ethylamide  of  cyclohexanesulfonic  acid. 

The  appearance  and  melting  point  remained  unchanged  after  a  further  four  rccrystallizations,  but  the  chlorine 
content  fell  to  2,7*7®, 
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In  another  experiment  the  phosphorus  chlorides  were  distilled  off  from  the  reaction  product  (from  04 
mole  of  starting  substance),  which  was  then  mixed  with  10  ml  of  ligroine.  Crystals  came  down  and  were  col¬ 
lected,  washed  with  5  ml  of  ether,  and  recrystallized  from  ligroine.  Yield  5  g,  m,p,  147-148*  (decomp.).  In 
composition  the  substance  corresponds  to  the  tetrachloro  derivative  of  the  ethylamide  of  cyclohexanesulfonic  acid. 

Found  *70;  Cl  42.48;  42.49;  S  9.39,  9.27.  C8HUNSCI4.  Calculated®^.  Cl  43.16,  S  9.72. 

Pyrolysis  (140*)  or  boiling  with  water  led  to  cleavage  of  1  mole  of  HCl  from  the  tetrachloro  derivative,  and 
to  formation  of  a  substance  which,  after  recrystallization  from  ethylene  chloride,  had  m.p.  171-172*  (decomp.). 

SUMMARY 

1.  Reaction  of  PCI5  with  diacld  chlorides  of  arylsulfonamldophosphoric  acids  whose  aryls  do  not  contain 
negative  substituents  gave  acid  chlorides  of  N-dichlorophosphlnylarenelminosulfonic  acids.  The  chemical  proper¬ 
ties  of  the  products  resemble  those  of  sulfonic  acid  chlorides  and  diacid  chlorides  of  arylsulfonamldophosphoric 
acids,  but  they  differ  from  the  latter  in  being  free  of  acidic  properties. 

2.  Acid  chlorides  of  N-dlchlorophosphinylareneimlnosulfonic  acids  react  with  sodium  aryloxides  to  form 
aryl  ethers  of  N-diaroxyphosphinylarenelinlnosulfonic  acids. 

3.  The  substances  obtained  by  I,  Braun  and  K.  Wclssbach  on  reaction  of  PCI5  with  ethylamldcs  of  n-buiane-, 
isopentane-,  and  cyclohexanesulfonic  acids  were  wrongly  assigned  the  structure  of  acid  chlorides  of  n-butane-, 
isopentane-,  and  cyclohexane-N-ethyliminosulfonic  acids. 
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Phenyldichlorophosphazosulfonaryls,  easily  obtained  in  good  yield  by  A.  V.  Kirsanov’s  phosphazo  reaction 
[1],  can  serve  as  starting  substances  for  preparation  of  various  derivatives  of  arylsulfonlmidophosphinlc  acids. 
Products  of  reaction  of  phenyldichlorophosphazosulfonaryls  with  aniline  [2]  and  ammonia  [3]  have  been  describerl 
and  certain  characteristics  distinguishing  phenyldichlorophosphazosulfonaryls  from  trichlorophosphazosulfonaryls 
have  been  noted. 

In  the  present  work  we  studied  the  reactions  of  phenyldichlorophosphazosulfonaryls  with  sodium  alkoxides 
and  phenoxides.  Reaction  of  phenyldichlorophosphazosulfonaryls  (I)  with  sodium  alkoxides  gives  (depending  on 
the  ratio  of  reactants),  either  phenyldialkoxyphosphazosulfonaryls  (dlalkyl  esters  of  arylsulfonimldophenylphos- 
phinic  acids)  (EL)  or  sodium  salts  of  monoalkyl  esters  of  arylsulfonamidophenylphosphinic  acids  (HI). 

*  Original  Russian  pagination.  See  C.B.  translation. 
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TABLE  1 

Phenylclialkoxyphosphazosulfonaryls  ArS02N  =  P(C6H5)(OAlk)2 


Prep. 

No. 

Ar 

Allc 

Yield 

m 

Melting 

point 

OAIk 

found 

m 

OAlk 

calc, 

m 

Empirical 

formula 

1 

P-r.Hs 

CMi 

86.3 

48° 

10..36 

10.1 

C,4H,o04NSP 

2 

o-cii,(:,in4 

OH, 

7.3.7 

50 

10.18 

18.3 

C,5ll,504NSP 

3 

P  -CII:i(-clU 

Oils 

76.8 

6f) 

l.'i.24 

18.3 

C,,H„0*NSP 

4 

a  C10II7 

OH, 

7.S.0 

70 

16.53 

16..55 

C„H,«0«NSP 

5 

[iCioll? 

OIL, 

84.0 

05 

16..58 

16..55 

C„II,s04NSP 

6 

o-N(J  .(;6ii4 

OIL, 

67.0 

40 

16.47 

16.75 

C,,M,50oN2.SP 

7 

.u- NO. Co  Hi 

Cll;, 

68.1 

64 

1666 

16.75 

C,4li,,OoN2SP 

8 

0.11, 

C2II, 

80.1 

Liquid 

25.4 

25.5 

CicH2o04NSP 

n 

o-CM,CcH4 

C2II0 

78.7 

100-102 

24. .50 

24.52 

C,7ll2204NSP 

10 

p-CiiAiu 

0,115 

80.4 

Liquid 

24.16 

24.52 

C,7llo.204NSP 

11 

a-CjoH; 

0.1 15 

87.0 

85 

22.28 

22.33 

0201122  04  NSP 

12 

(3-0)0  H  7 

Coll, 

81.0 

Liquid 

22.21 

22.33 

C.,oH2204NSP 

13 

0-N  OoCc,  1 1 4 

C2II5 

64.7 

Liquid 

22.21 

22.6 

CioHioOoNzSP 

14 

.«-no2CoH4 

C2H5 

62.8 

Liquid 

22.41 

22.6 

CjoHioOoNaSP 

TABLE  2 

Monoalkyl  Esters  of  Arylsulfonamidophenylphosphinic  Acids  ArS02NIlP0(C6H;j)(0Alk) 
[by  hydrolysis  of  (II)] 


Prep. 

No. 

Ar 

Aik 

Yield 

ilo) 

Melting 

point 

Equiv. 
found  • 

Empirical 

formula 

1 

P-cn:,Ccn4 

CHt 

86.2 

1.56-1.57° 

0.00 

C,4lI,o04NSP 

2 

a-C,oH7 

Clio 

07.8 

1.5.5-1.57 

1.01 

C,;1Iio04NSP 

3 

p-Cll3(7,,H4 

Col  15 

00.0 

167-168 

0.03 

C,r,Ilm04NSP 

4 

N  OvCq  1 1 4 

C21I5 

05.4 

140-143 

0.97 

C14H1.sO6N2.SP 

5 

?-C,oll7 

C2H5 

77.7 

195—107 

0.99 

CigHiaOiNSP 

•Calculated  cquiv,:  1.00, 

Phenyldialkoxyphosphazosulfonaryls  (II)  are  easily  obtained, and  in  good  yield, if  a  benzene  solution  of  phenyldl- 
chlorophosphazosulfonaryl  (I)  (Table  1)  is  added  with  cooling  and  stirring  to  an  alcoholic  solution  of  the  sodium 
alkoxide,  A  secondary  product  formed  in  small  quantity  is  the  sodium  salt  of  the  monoalkyl  ester  (in), 

ArS02N=r(Ccnr.)Cl2  f  2NnOAlk  — ArS02N=P(CcH6)  (OAlk)2  + 

(I)  (II) 

d-  ArS02NNa-rO(Coll5)  (OAlk) 

(Ill) 

Phenyldialkoxyphosphazosulfonaryls  (ll)  are  colorless,  crystalline  substances  or  viscous,  oily  liquids,  readily 
soluble  in  acetone,  benzene,  hot  CCI4,  and  alcohol;  insoluble  in  water,  ether,  and  ligroine;  the  solids  crystallize 
nicely  from  alcohol.  Chemically,  compounds  (n)  arc  stable  and  neutral;  they  arc  inert  to  water  and  do  not  re¬ 
act  with  it  even  after  prolonged  heating;  they  are  not  appreciably  attacked  by  aqueous  solutions  of  acids  and  al¬ 
kalies;  however,  they  are  readily  hydrolyzed  by  alcoholic  or  aqueous  alcoholic  solutions  of  alkalies  and  acids. 

In  an  alkaline  medium  the  phenyldialkoxyphosphazosulfonaryls  (II)  behave  like  esters  of  polybasic  mineral  acids 
in  losing  only  one  alcohol  group  with  formation  of  monoalkyl  esters  of  arylsulfonamidophenylphosphinlc  acids 
(in)  (Table  2),  Acidification  of  aqueous  solutions  of  the  sodium  salts  leads  to  precipitation  of  the  sparingly  water- 
soluble  monoalkyl  esters  of  arylsulfonamidophcnylphosphinic  acids.  In  an  acid  medium  (II)  are  hydrolyzed  to 
arylsulfamides,  probably  according  to  the  reaction: 
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TABLE  3 


Monoalkyl  Esters  of  Arylsulfonamidophenylphosphinic  Acids 
ArSOjNHPOfCcHsXOAlk)  [directly  from  (I)] 


Prep. 

No. 

Ar 

Allc 

Yield  1 

m  , 

Melting  j 
point  1 

Found 

equiv.* 

Empirical 

formula 

t 

Colls 

CIIt 

75.0 

172-173® 

1.03 

CnHj404NSP 

2 

o-Cll.iColU 

Clh 

81.2 

166-168 

0.98 

Cu»io04NSH 

3 

P-CII;,Coll4 

Clli 

80.0 

156-157 

1.00 

CHII1CO4NSP 

A 

o-NO^ClolI^ 

CHa 

91.5 

161-162 

1.03 

CialliaOoN^SP 

5 

P-NOAIU 

CIIt 

66.3 

175-176 

0.99 

Cialli.iOoNaSP 

6 

P-ciQn^ 

Clh 

67.5 

165-167 

1.05 

C,3lI,304NSrCl 

7 

o-C,oll7 

Clh 

80.6 

16.5-157 

1.00 

C17II10O4NSP 

8 

P-cIji, 

Clh 

71.7 

165-166 

1.00 

CuII]o04NSP 

9 

Colls 

C2II5 

96.1 

141  —  142 

1.00 

C,4liifi04NSP 

10 

0-CII;,Coll4 

C2II0 

97.1 

1.56-1.58 

1.02 

C1SH1S04NSP 

11 

P-CIIAIU 

C2H5 

86.7 

16.5-167 

0.99 

C15IIX804NSP 

12 

p-ClColl| 

C2II6 

86.8 

158-160 

0.98 

C,4H,504NSPCI 

13 

«-Cioll7 

Calls 

89.3 

148-150 

0.98 

CislIiANSP 

14 

P-C,oll7 

Calls 

86.8 

195-197 

0.99 

C,8ll,ANSP 

15 

Cello 

n  -ti*)  H  7 

84.1 

110-112 

1.01 

CisH.sOxNSP 

16 

o»C  H3C0 1 1 4 

n  -C'|H7 

90.9 

129-130 

0.16 

C,cll2,.04NSP 

17 

P  -Cli;AIU 

n -Call 7 

97.0 

138-140 

0.98 

C,cH2o04NSP 

18 

P-CIC0II4 

n  -Ct  1 1 7 

86.7 

130-134 

0.97 

CisII,704NSPC1 

19 

«-C,0»l7 

n  Call; 

93.7 

137—139 

0.98 

Cnll2o04N.SP 

•Calculated  equiv,:  1,00, 


TABLE  4 

Phenyldiphenoxyphospliazosulfonaryls  ArSOjN  =  P(C6H6)(OC6H5)tj 


Prep. 

No. 

Ar 

Yield 

ilo) 

Melting  | 

1  point  1 

Found  j 
*70  N  1 

Calc,  1 

%N  , 

Empirical 

formula 

1 

Colh 

80.6 

64-6.5° 

3.08 

3.10 

C..4II20O4NSP 

2 

o-ClhC,ill» 

7.3.8 

56 -.58 

3.06 

3.02 

C.r.lhaOxNSP 

3 

P-ciiAiii 

82.4 

88-89 

3.08 

3.02 

C.^sll.i.,04NSP 

4 

p-CAih 

8lt.6 

88—89 

2.98 

2.90 

C24llin04NSPCl 

5 

0-N02C6II4 

86.2 

112—113 

5.65 

5.66 

C24II10O6N2SP 

6 

“■Cjolh 

87.2 

118-120 

2.77 

2.80 

C.,s11...>04NSP 

7 

P'Ciolh 

72.3 

98—99 

2.75 

2.80 

CzsIhANSP 

TABLE  5 


Monophenyl  Esters  of  Arylsulfonamidophenylphosphinlc  Acids 
ArSOzNHPO  (Cells)  (OCgHs) 


Prep. 

No. 

Ar 

Yield 

m 

Melting 

point 

Found 

equiv,* 

Empirical 

formiil.i 

1 

Colls 

89.1 

144-146® 

0.99 

C,f,H,o04NSP 

2 

o-ClIiColh 

98.9 

130-131 

l.(KJ 

Cjr)  n  N  s  1  * 

3 

p-cii.Aih 

98.4 

155-1.57 

1.02 

^'inll  ihCxNSp 

4 

“■Ciftih 

85.6 

165-1 00 

1.03 

Co?  1 1  j  SP 

5 

p-CKV.Ih 

99.1 

124—125 

0.99 

C,sII,:.04NSpc1 

6 

p  -  N  UaCc  1 1 1 

9.S.2 

120-121 

0.99 

Ci8lli.-,CoN2SP 

•Calculated  equiv.;  1,00, 


ArS02N=r(Coll.O(OAlk)2  ArS02NH-P0(Cr.n:.)  (OAlk)  -> 

--»•  ArSOzN’ll  — PO{Coll5)  (Oil)  ArSOaNlIj -f  OP  (('oHr.)  (OH)2. 

However,  the  arylsulfonamidophcnylphosphinic  acids  or  their  nionoalkyl  esters  cannot  te  isolated  from  the 
hydrolyzate. 

Monoalkyl  esters  arc  very  much  more  conveniently  prepared  directly  from  phenyldichlorophosphazosulfon- 
aryls  instead  of  by  hydrolysis  of  dialkoxyphosphazosulfonaryls:  Addition  of  a  benzene  solution  of  phenyldichloro- 
phosphazosulfonaryl  to  excess  of  sodium  alkoxidc  solution  leads  to  instantaneous  formation  of  the  sodium  salt  of 
the  monoall.yl  ester  (Table  3).  Hov/cver,  the  mcnocthyl  esters  of  o- ,  m-,  and  p-nitrophenylsulfonamidcphenyl- 
phosphinic  acids 


N0X,H4S0,NH-1’0(C,IIs,)(0C,II,) 

cannot  be  obtained  by  this  route;  The  reaction  leads  to  black  resins. 

Monoalkyl  esters  of  arylsiilfonamidophenylphosphlnic  acids  are  colorless,  crystalline  substances,  easily  sol¬ 
uble  in  alcohol,  less  easily  soluble  in  hot  water,  very  sparingly  soluble  In  benzene,  ether,  ligroine,  CCI4,  and 
other  nonpolar  solvents;  they  crystallize  nicely  from  water  or  dilute  alcohol.  Chemically,  the  monoalkyl  esters 
are  monobasic  acids  titrating  with  sodium  hydroxide  solution  to  precisely  one  equivalent  (in  presence  of  phenol- 
plithalcin). 

Aromatic  esters  of  arylsulfonimidophenylphosphinic  acids  can  be  obtained  by  reaction  of  (I)  with  the  ap¬ 
propriate  sodium  aryloxides.  For  example,  reaction  of  phenyldichlorophosphazosulfonaryls  with  sodium  phenoxide 
readily  leads  in  good  yield  to  formation  of  phenyldiphenoxyphosphazosulfonaryls  (diphenyl  esters  of  arylsulfon- 
imidophenylphosphinic  acids)  (IV)  (Table  4), 

riicnyldiphcnoxyphosphazosulfonaryls  (IV)  are  colorless,  crystalline  substances,  readily  soluble  in  benzene, 
acetone,  hot  alcohol,  and  hot  CCI4,  insoluble  in  water,  ether,  and  ligroine.  They  are  perfectly  resistant  to  water 
and  do  not  react  with  it  even  on  prolonged  heating.  In  acid  media  they  behave  like  phenyldlalkoxyphosphazo- 
sulfonaryls,  and  are  hydrolyzed  to  aryl  sulfamides.  However,  they  differ  from  phenyldialkoxyphosphazosulfon- 
aryls  and  from  triphcnoxyphosphazosulfonaryls,  ArS02N  =  P(OC5H5)3  (IV)  [4],  in  being  very  much  more  sensitive 
to  the  action  of  caustic  alkali;  depending  on  the  alkali  concentration,  the  yield  and  character  of  the  product  of 
hydrolysis  varies.  Only  by  use  of  a  very  dilute  aqueous  alcoholic  sodium  hydroxide  solution  (0,02  N  or  lower) 
was  it  possible  to  perform  smoothly  the  hydrolysis  of  (IV)  in  good  yield  with  formation  of  monophenyl  esters  of 
arylsulfonamidophenylphosphinic  acids  (V)  (Table  5), 

Under  the  action  of  more  liighly  concentrated  sodium  hydroxide  solutions  (0,1  N  and  higher),  hydrolysis  of 
phenyldiphenoxyphosphazosulfonaryls  leads  to  formation  of  resins  from  which  the  monophenyl  esters  cannot  be 
isolated,  although  the  latter  are  extremely  resistant  to  the  action  of  alkalies, 

Tiie  monophenyl  esters  are  colorless,  crystalline  substances,  crystallizing  nicely  from  dilute  alcohol;  in¬ 
soluble  in  water,  ether,  and  CCI4,  highly  soluble  in  acetone,  benzene,  and  hot  alcohol.  Chemically,  the  mono¬ 
phenyl  esters  (V)  are  monobasic  acids,  titrating  to  exactly  one  equiv,  with  sodium  hydroxide  solution  (in  presence 
of  phenolphthalcin). 


EXPERIMENTAL 

Phcnyldialkoxyphosphazosulfonaryls  (II)  (dialkyl  esters  of  arylsulfonamidophenylphosphlnic  acids)  (Table  l). 
To  a  solution  of  0.005  mole  of  phenyldichlorophosphazosulfonaryl  (I)  in  25  ml  of  benzene  was  added  (with  stirring 
and  ice-water  cooling),  a  solution  of  0,01  g-atom  of  sodium  (0.23  g)  in  15  ml  of  alcohol  at  such  a  rate  that  the 
temperature  did  not  rise  above  10*.  Into  the  reaction  mixture  was  run  100-150  nil  of  water,  tfie  benzene  la^  it 
was  separated,  and  the  aqueous  layer  again  extracted  with  benzene.  The  benzene  extracts  were  combined  and 
dried  with  sodium  sulfate,  and  the  benzene  was  distilled  off.  Removal  of  the  last  traces  of  benzene  (which  hinder 
crystallization)  was  effected  by  holding  in  a  vacuum  for  2-3  hr.  In  the  majority  of  cases,  the  esters  "dried"  in 
this  way  crystallized  if  merely  rubbed  with  a  glass  rod.  Solid  esters  were  purified  by  crystallization  from  alcohol. 
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Hydrolysis  of  (n)  (Table  2),  To  0,002  mole  of  phenyldialkoxyphosphazosulfonaryl  was  added  25  ml  of 
0,4  N  aqueous  alcoholic  sodium  hydroxide  (5  ml  of  2  N  aqueous  NaOH  +  20  ml  of  alcohol).  The  mixture  was 
heated  for  3  hr  on  a  water  bath,  after  which  the  excess  of  alcohol  was  distilled  off  in  vacuo.  Acidification  of 
the  residue  with  HCl  to  an  acidic  reaction  led  to  precipitation  of  sparingly  soluble  monoalkyl  esters  (III);  these 
were  collected  and  washed  with  water.  Purification  was  effected  by  recrystallization  from  50*70  alcohol. 

Monoalkyl  esters  of  arylsulfonamidophenylphosphinic  acids  (HI)  (directly  from  phenyldichlorophosphazo 
sulfonaryls)  (Table  3),  Anhydrous  alcohol  (10  ml)  and  sodium  (0,01  g-atom)  were  placed  in  a  three-necked  flask 
fitted  with  reflux  condenser,  stirrer,  and  dropping  funnel.  After  the  sodium  had  dissolved,  a  solution  of  0,003 
mole  of  phenyldichlorophosphazosulfonaryl  (I)  in  10  ml  of  benzene  was  introduced  dropwise  with  vigorous  stirring. 
The  mixture  was  heated  for  0.5  hr  at  50*.  after  which  the  benzene  and  alcohol  were  distilled  off  in  vacuo  on  a 
water  bath.  The  dry  residue  was  dissolved  in  10  ml  of  water  and  acidified  with  HCl  until  acid  to  Congo,  The 
crystalline  precipitate  was  collected  and  washed  well  with  water.  Purification  was  effected  by  recrystallization 
from  50*70  alcohol, 

Phenyldiphenoxyphosphazosulfonaryls  (IV)  (Table  4),  A  solution  of  0,005  mole  of  phenyldlchlorophosphazo- 
sulfonaryl  (I)  in  25  ml  of  benzene  was  run  into  0.01  mole  of  dry  sodium  phenoxlde,  after  wliich  the  mixture  was 
heated  for  an  hour  on  a  water  bath.  After  the  NaCl  had  been  separated,  the  benzene  was  distilled  off  from  the 
filtrate,  and  the  oily  residue  was  kept  in  vacuo  for  2-3  hr  for  removal  of  traces  of  benzene.  Diphenyl  esters  (IV) 
"dried"  in  this  way  crystallize  with  facility.  They  were  purified  by  crystallization  from  alcohol. 

Hydrolysis  of  (IV)  (Table  5).  To  0,003-0,004  mole  of  phenyldichlorophosphazosnlfonaryl  (IV)  was  added 
250  ml  of  0.02  N  aqueous  alcoholic  sodium  hydroxide  (50  ml  of  0,1  N  aqueous  NaOH  +  200  ml  of  alcohol),  and 
the  mixture  heated  for  3  hr  on  a  water  bath.  The  excess  alcohol  was  then  taken  off  in  vacuo  and  the  aqueous 
residue  acidified  until  it  had  an  acid  reaction.  The  precipitated  monophenyl  esters  (V)  were  separated,  washed 
with  water,  and  crystallized  from  dilute  alcohol. 


SUMMARY 

1.  The  dimethyl,  diethyl,  and  diphenyl  esters  of  arylsulfonamldophenylphosphinic  acids  were  synthesized. 
Their  hydrolysis  was  effected, 

2.  A  series  of  monoalkyl  and  monophenyl  esters  of  arylsulfonamidophcnylphosphinic  acids  was  prepared, 
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Phenyldichloro-  and  dipliCnylchlorophosphazosulfonaryls  are  intermediate  links  in  a  series  of  compounds 
obtained  by  successive  replacement  of  chlorine  atoms  in  trichlorophospha/osulfonaryls  by  phenyl  radicals; 

ArSOzN  =  rci3,  ArSOjN  =  P(C6H5)Cl2.  Ar'^OzN  =  P (0^115)201,  ArSC^N  =  PfCgHg^j.  Since  trichlcro-  and  phenyl- 
dichlorophosphazosulfonaryls  are  easily  obtained  in  good  yield  by  the  Kirsanov  phosphazo  reaction  —  interaction 
of  acylamides  with  phosphorus  pentahalides  [1]  or  their  derivatives  [2]—  it  was  expected  that  dlphenylchloro- 
phosphazosulfonaryls  could  also  be  prepared  by  this  reaction.  This  expectation  was  fully  confirmed  experimentally. 

Interaction  of  arylsnlfamides  with  diphcnylphosphorus  trichloride  led  In  good  yield  to  diphenylchorophos- 
phazosulfonaryls  (I)  by  Eq,  (l)  (Table  1), 

ArSOoNHa  +  CIaPfCcHs)^— (CoII.-.hClP^NSOaAr 

(0 

Reaction  of  arylsnlfamides  v/ith  diphenylphosphorus  trichloride  takes  place  in  the  course  of  •1,5-2  hr  at  125-135*, 
whereas  the  reaction  with  phenylphosphorus  tetrachloride  proceeds  smoothly  at  75-100*  and  is  completed  in  20 
to  30  min,  and  phosphorus  pentachloride  reacts  with  even  greater  facility ;  trichlorophosphazosulfonaryls  are 
easily  prepared  in  carbon  tetrachloride  solution,  even  at  the  boiling  point  of  the  solvent.  Heating  of  equimolar 
quantities  of  arylsnlfamides  witli  diphenylphosphorus  trichloride  for  1,5-2  hr  enables  OO-Gb'/oof  the  hydrogen  chlo¬ 
ride  to  be  trapped.  At  the  same  time,  resinous  products  are  usually  obtained  and  can  be  readily  brought  into  the 
crystalline  state  by  treatment  with  carbon  tetrachloride,  ether,  or  other  suitable  solvent.  This  treatment  probably 
brings  the  secondary  reaction  products  into  solution,  and  the  sparingly  soluble  phosphazo  compounds  come  down 
in  the  crystalline  state  In  a  sufficiently  high  degree  of  purity.  The  products  of  hydrolysis  of  the  resulting  diphenyl- 
chlorophosphazosulfonaryls  exactly  titrate  to  two  equivalents, 

Diphenylchlorophosphazosulfonaryls  can  also  be  prepared  by  interaction  of  diphenylchloroarslne  with  sodium 
salts  of  chloramides  of  aromatic  sulfonic  acids  [E(i,  (2)]. 

(QllshrCl  i- ArSO^NNaCl  (Ccn5)2ClP=NS02Ar  (2) 

However,  this  reaction  is  less  convenient  since  it  is  accompanied  by  formation  of  a  large  amount  of  secondary 
products.  One  treatment  of  the  reaction  mixture  with  carbon  tetrachloride  or  other  suitable  solvent  k  inadequate, 
and  the  preparation  of  a  relatively  pure  product  calls  for  several  crystallizations.  This  is  extremely  undesirable, 
in  view  of  the  ease  of  hydrolysis  of  halogen-containing  phosphazo  compounds,  Diphenylchlorophospliazosulfon- 
phcnyl  obtained  by  reaction  (2)  was  found  to  be  identical  with  the  product  of  reaction  (1), 

Diphenylchlorophosphazosulfonaryls  arc  colorless  crystalline  substances,  easily  hydrolyzed  by  moisture  of 
the  air  (for  example,  the  products  of  hydrolysis  titrated  to  1,5-1,7  equivalents  after  standing  for  6  months  in  loosely 
closed  containers  in  a  desiccator  over  sulfuric  acid).  Readily  soluble  in  hot  benzene  and  ethyl  acetate,  sparingly 
soluble  in  ether  and  carbon  tetrachloride,  insoluble  in  ligroine  and  water,  lliey  crystallize  readily  from  ethyl 
acetate  or  benzene  in  the  form  of  fine  prisms  or  thin,  short  needles.  In  chemical  properties  (I)  are  acid  chlorides, 
readily  reacting  with  alcohols,  amines,  and  phenoxides, 

Diphenylchlorophosphazosulfonaryls  are  easily  hydrolyzed  by  water  with  formation  of  arylsulfonamldodl- 
phenylphosphinic  acids  (II)  according  to  Eq.  (3)  (Table  2), 
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TABLE  1 

DIphenylchlorophosphazosulfonaryls  (C6H5)iClP  =  NSC\Ar 


Yield 

Melting 

Found 

equiv,* 

(after 

hydrolysis) 

Empirical 

point 

formula 

no.5 

100-111° 

2.01 

CipHisOjNSPCl 

C,„H,702NSPC1 

o-cii^(:,.n4 

'13.0 

120-130 

1.06 

P  (',II^Coll4 

8S.0 

00—101 

1.05 

Cnll,702NSPCl 

a-Cjoll? 

51.0 

IM-llc. 

1.06 

(:2oIIi702Nspci 

00..5 

135-138 

2.12 

C-allnOiNSPCI 

0-N(j2(!(;H4 

Hil.S 

1.50— Kil 

2.02 

Cihni404N2SPCi 

M-  N  02(  V)H  4 

87.0 

118-120 

1.00 

l:)sHi404N2SPCI 

c,^h,4D4N2Spci 

P  N02C„ll4 

72.7 

164—108 

1.00 

p-CIC„ll4 

101.3 

Forms  tar 

2.02 

C,«I1,402NSPCIj 

'Calculated  equiv.:  1.00. 


TABLE  2 

Arylsulfonamidodlphenylphosphinic  Acids  ArS02NH-  POCCjHs)* 


Yield 

Melting 

Equiv, 

Empirical 

Ar 

(^o) 

point 

found* 

formula 

QHr. 

08.0 

20.5—206° 

0.00 

CikHkAjNSP 

n-CII:,(:nll4 

06.2 

183-184 

0.08 

CinHiKD.iNSP 

P-ai3;,;H4 

81.5 

214-215 

008 

C,nH,»0:,NSP 

07.5 

212-213 

0.00 

Ci2HlK<>;,NSP 

3-C)oH7 

08.5 

21.3.5-21/1 

1.02 

G..II,«0.,NSP 

0-NO2(i(;M4 

03.5 

100—200 

1.028 

C,,II,,()5N2SP 

.*(  -  N  ( l2^ '(t  1 1 4 

08.7 

102—103 

1.00 

Cl8»l,.,0.-iN2SI> 

P-N0..(;,,ll4 

08.3 

20/|— 205 

1.01 

C,t,ni.^05N2SP 

P-CIC0II4 

06.2 

220-221 

0.00 

C,«II,oO.,NSPCI 

Calculated  equiv 

.:  1.00, 

ArS02N=P(Cellr,)2t'l  ArSOzN Il-PO(C6H5)a  ^3) 

(ID 

Benzene- insoluble  acids  (II)  start  to  come  down  after  only  15  min  if  benzene  solutions  of  the  phosphazo 
compounds  are  stood  in  a  desiccator  containing  water.  However,  the  crystalline  diphenylchlorophosphazosulfon- 
aryls  are  hydrolyzed  very  slowly  in  water  or  aqueous  sodium  hydroxide,  since  neither  the  phosphazo  compounds 
themselves  nor  the  products  of  their  hydrolysis  —  arylsulfonamidodiphenylphosphinlc  acids  (n)—  are  soluble  In 
water.  Diphenylchlorophosphazosulfonaryls  dissolve  relatively  quickly  in  boiling  aqueous  sodium  hydroxide, with 
formation  of  sodium  salts  of  the  acids,  while  the  free  acids  (II)  come  down  when  the  alkaline  hydrolyzate  is 
acidified. 

Arylsulfonamidodiphenylphosphinic  acids  are  colorless,  crystalline  substances,  with  relatively  high  solu¬ 
bility  in  hot  alcohol;  very  sparingly  soluble  in  benzene;  Insoluble  in  water,  ether,  and  carbon  tetrachloride.  They 
readily  crystallize  from  alcohol  in  the  form  of  well-developed  fine  prisms  or  slender,  small  needles.  With  an 
aqueous  sodium  hydroxide  solution  the  acids  titrate  to  one  equivalent  (with  phenolphthalein).  They  are  extreme¬ 
ly  resistant  to  hydrolysis  (6-naphthylsulfonamldodiphenylphosphinic  acid  is  recovered  unchanged  after  heating 
for  one  hour  in  0,1  N  aqueous  alcoholic  hydrochloric  acid). 

Three  tautomeric  forms  are  possible  for  arylsulfonamidodiphenylphosphinic  acids. 
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ArSO(OH)=N-PO(CoH5)2  ArSO.^N  11— rO{CoH5),  ArSn.2N=rr(r.ol!-).^(On) 

(A)  (B)  (C) 

Diphenylchlorophosphazosulfonaryls  can  therefore  be  regarded  as  acid  chlorides  of  acids  existing  In  the 
itnido  form  (C),  I.e.,  as  acid  chlorides  of  arylsulforimidodiphenylphosphinlc  acids.  It  may  be  conjectured  that 
the  amide  form  (B)  v/lll  be  the  most  stable  of  the  three  tautomeric  forms,  since  the  N— H  bond  is  less  polarized 
than  the  O— II  bond, 

Arylsulfunamidodiphenylpliospliinic  acids  can  alsvi  be  obtained  by  oxidation  with  hydrogen  peroxide,  or  by 
bromination  followed  by  hydrolysis  of  N-cHphenylphosphinarylsulfamides  [Eqs.  (d)  and  (5)],  As  an  example,  N- 
-diplicnylphoiphlnbv’nzcncsulfamide,  easily  prepared  from  diphenylchlorophosphine  and  the  sodium  salt  of  ben- 
zcnc.sulfamide,  is  oxidized  by  hydrogen  peroxide  with  formation  of  phcnylsulfonamidodlphenylphosphinic  acid 
(III)  in  over  70‘7<’ yield. 


CcIIr.S02NII-P(C„l!j2  ~  CoM5S02NH-PO(CcHo)2  (4) 

I— iljO 

^  lira  (HI) 

(:oll5S02N!l-P(r,„l!r,)2Pr  CCII5SO2NH— PO(Ccll5)2  (5) 

(Ill) 

Phenylsulfonamidodiphenylphosphinic  acid  [obtained  by  reactions  (4)  and  (5)],  was  found  to  be  identical 
with  the  plienylsulfonamidodlphenylphosphinic  acid  prepared  by  reaction  (3), 

N-Diphcnylphosphiiibenzcnesulfamide  is  a  viscous,  oily  liquid,  easily  hydrolyzed  by  atmospheric  moisture 
at  the  N“P  bond  with  formation  of  benzenesulfamide.  Since  N-diphenylphosphinbenzenesulfamldc  does  not 
distill  without  decomposition  (3-4  mm,  vacuum),  it  was  used  in  further  reactions  in  this  work  without  Isolation  in 
the  pure  state. 


EXPERIMENTAL 

Diplienylcliloropliospliazosulfonaryls  ( I).  A  mixture  of  0.02  mole  of  arylsulfamide  and  0,02  mole  of  di- 
phcnylphosphorus  trichloride  was  heated  on  an  oil  bath  until  melted  (100-105*),  Hydrogen  chloride  started  to 
come  off  briskly  at  115-120*.  After  frothing  of  the  reaction  mixture  had  ceased,  the  bath  temperature  was  raised 
to  125-130*  and  held  for  1.5-2  hr.  The  reaction  had  been  substantially  completed  after  this  period,  and  over  OO^o 
of  the  hydrogen  chloride  had  been  evolved.  Heating  of  the  mixture  to  150*  resulted  in  completion  of  the  reaction 
after  30  min. 

The  reaction  mixture  must  be  heated  to  170-175"  for  the  preparation  of  diphcnylchlorophosphazosulfon-o- 
and  -p-nitrophenyls,  since  the  resulting  phosphazo  compounds  readily  crystallize,  and  the  initially  liquefying 
reaction  mixture  again  sets  to  a  crystalline  mass  even  at  150*,  so  that  the  reaction  slows  down  or  is  entirely  sup¬ 
pressed.  By  tlie  procedure  described,  diphenylchlorophosphazosulfon-p-nitrophcnyl  is  obtained  at  once  in  the 
form  of  a  crystalline  mass,  especially  if  the  reaction  mixture  is  kept  for  some  time,  after  completion  of  reaction, 
at  110-120*,  at  which  temperature  crystallization  goes  relatively  quickly. 

The  remaining  phosphazo  compounds  arc  obtained  in  the  form  of  resins  .which  can,  however,  be  converted 
with  facility  into  crystalline  products  by  treatment  with  a  suitable  solvent.  The  latter  is  added  to  the  resinous 
product  and  the  mixture  stirred  with  heating.  The  phosphazo  compounds  come  down  in  crystal  form  and  are 
suction-filtered  and  washed  thoroughly.  The  diphenylchlorophosphazosulfonaryls  obtained  in  this  manner  are 
fairly  pure  and  suitable  for  use  without  rccrystallization.  Diphenylchlorophosphazosulfonphenyl  readily  passes 
into  the  crystalline  state  if  worked  up  only  with  absolute  ether;  ethyl  acetate  is  a  more  convenient  solvent  in  the 
case  of  diphenyIchloropliosphazosulfon-3 -naphthol,  as  well  as  of  o-  and  m-nitrophenyls;  the  latter  can  be  at  once 
rccrystallized  from  this  solvent;  the  remaining  phosphazo  compounds  are  worked  up  with  carbon  tetrachloride, 

Diphenylchlorophosphazosulfon-p-chlorophenyl  could  not  be  obtained  at  all  In  the  crystalline  state;  The 
reaction  mixture  formed  a  viscous,  oily  liquid  which  did  not  crystallize  on  cooling.  It  dissolved  readily  in  ether 
and  benzene,  but  treatment  of  the  solution  with  ligroine  led  to  separation  of  the  noncrystallizing,  oily  liquid. 

The  crystalline  diphenylchlorophosphazosulfonaryls  can  be  rccrystallized  from  benzene,  ethyl  acetate,  or 
other  solvent,  but  this  is  unnecessary  since  both  the  unrecrystallized  and  the  rccrystallized  products  titrate  ex¬ 
actly  to  two  equivalents. 
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Arylsulfonamidodlphenylphosphinlc  acids  (II)  (by  hydrolysis  of  diphenylchlorophosphazosulfonaryls).  To 
0.05  mole  of  (I)  was  added  125-130  ml  of  0.1  N  aqueous  sodium  hydroxide.  Heat  was  applied  until  solution  took 
place.  Acidification  of  the  alkaline  neutralizate  led  to  precipitation  of  water-insoluble  products  (II)  which  were 
suction- filtered  and  washed  well  with  water.  The  arylsulfonamidodiphenylphosphinic  acids  crystallized  from  al¬ 
cohol  In  the  form  of  slender  needles  or  fine  prisms. 

Phcnylsulfonamidodiphenylphosphinic  acid  (ni)  (by  oxidation  of  N-diphenylphosphinbenzenesulfamide), 
a)  To  a  solution  of  0.02  mole  of  diphenylchlorophosphine  in  50  ml  of  dry  benzene  was  added  0,02  mole  of  the 
sodium  salt  of  bcnzenesulfamide.  The  mixture  was  refluxed  for  20-30  min  on  a  water  bath.  To  the  resulting 
benzene  solution  of  N-diphenylphosphinbenzenesulfamide  was  added  (without  separation  of  the  sodium  chloride) 

30  ml  of  ligroine,  and  the  mass  was  thoroughly  shaken.  The  precipitated  acid  was  suctloh- filtered  and  washed 
with  water  and  alcohol.  Yield  65- 70‘7<>.  Long  prisms,  m.p,  205-207*  (from  alcohol),  A  mixture  with  the  acid 
obtained  by  hydrolysis  of  diphenylchlorophosphazosulfonphenyl  did  not  give  a  depression  of  melting  point. 

Equiv,  found:  1,00.  Calculated  equiv.:  1.00, 

b)  To  a  solution  of  0.02  mole  of  N-diphenylphosphinbenzenesulfamide,  prepared  in  similar  fashion,  was 
added  (good  stirring),  0.023-0,025  mole  of  bromine  dissolved  in  10  ml  of  benzene,  N-Diphenyldibromophosphinyl- 
benzenesulfamide  came  down  in  the  form  of  a  red,  oily  layer,  and  was  separated  from  solvent  and  treated  with 
0.1  N  sodium  hydroxide  solution  in  excess.  The  alkaline  hydrolyzate  was  acidified  until  it  had  an  acid  reaction, 
and  the  semicrystalline  precipitate  was  repeatedly  re  precipitated;  in  these  reprccipitatlons,  less  alkali  was  taken 
in  each  successive  operation  than  was  needed  for  complete  solution  of  the  precipitate.  M.p.  205-207*  (from  al¬ 
cohol).  A  mixture  with  the  acid  obtained  by  hydrolysis  of  diphenylchlorophosphazosulfonphenyl  or  by  oxidation 
of  diphenylphosphinbenzencsulfamidc  with  hydrogen  peroxide  melted  without  depression  of  melting  point.  Yield 
15-20'7<». 

Equiv,  found:  1.01,  Equiv,  calculated:  1,00. 


SUMMARY 

1.  Reaction  of  arylsulfamides  with  diphenylphosphorus  trichloride  gave  diphenylchlorophosphazosulfonaryls, 

2.  Hydrolysis  of  diphenylchlorophosphazosulfonaryls  gave  arylsulfonamidodiphenylphosphlnlc  acids. 

3.  An  alternative  synthesis  of  phcnylsulfonamidodlphenylphosphinic  acid  involved  oxidation  of  diphenyl- 
phosphinbenzenesulfamide  with  hydrogen  peroxide. 
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(1957)*  ;  A.  V.  Kirsanov  and  Z.  D.  Nekrasova,  Zhur.  Obshch.  Khim.^,  1253  (1957)*  ;M,  1595  (1958)*; 

A.  V.  Kirsanov  and  N.  G.  Feshchenko,  Zhur.  Obshch.  Khim,^,  2817  (1957)*  ;  A,  V,  Kirsanov  and  I,  N. 
Zhmurova,  Zhur.  Obshch,  Khim.^,  2478  (1958)*  ;  L.  M.  Yagupol’skil  and  V,  I.  Troltskaya,  Zhur.  Obshch, 
Khim.^,  552  (1959).* 

[2J  V,  I.  Shevchenko  and  Zh,  V.  Merkulova,  Zhur.  Obshch,  Khim,^,  1005  (1959)*  ;  I.  N,  Zhmurova  and  A,  V. 
Kirsanov.  Zhur.  Obshch,  Khim.  29,  1687  (1959).* 


i. 


*  Original  Russian  pagination.  See  C.B,  translation. 
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Translated  from  Zhnrnal  Obslichei  Kliimii,  Vol,  30,  No,  5,  pp.  1571-1573, 

May,  1960 
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Full  esters  of  halogenatcd  alkanephosplunic  acids  have  been  described  in  the  literature  [1],  But  esters  of 
secondary  phosphinic  acids  containing  halogen  in  an  alkyl  radical  at  the  phosphorus  have  not  previously  been  known. 

In  the  present  work,  we  obtained  chlorine-containing  alkyl  esters  of  dialkylphosphinic  acids  with  the  struc¬ 
ture; 


CII3.  /OR 

Xp/ 

(I) 

where:  itrrAlk, 


C1CII=CII^ 


CH3  OR' 


(II)  (Ill) 

u'=cHiCii,ci  or  ciKCHjCi),.  X  =  O  or  S. 


Starting  substances  for  preparation  of  esters  of  this  type  were  the  acid  chlorides  of  methyldichloroethyl- 
phospliinic  (I),  mcthyl-2-chtoroethenylphosphinic  (II),  and  mcthylpropylphosphinic  (Dl)  acids.  The  first  two  acid 
chlorides  were  prepared  for  the  first  time  by  oxidative  chlorophosphination  of  vinyl  chloride  by  methyldichloro- 
phosphine;  the  third  has  already  been  described  [2], 

The  formation  of  two  acid  chlorides  (I  and  II)  by  oxidative  chlorophosphination  of  vinyl  chloride  by  methyl- 
dichlorophosphine  is  probably  associated  with  partial  dehydrochlorination  of  (I)  during  distillation,  A  similar 
process  was  observed  during  distillation  of  the  diacid  chloride  of  cyclchexanephosphinlc  acid  [3], 

Oxidative  chlorophosphination  of  vinyl  chloride  by  phosphorus  trichloride  yields  isomeric  acid  chlorides  of 
dichloroethanephosphinic  acid  [1],  In  all  probability,  the  same  process  takes  place  during  oxidative  chloropliosphi- 
nation  of  vinyl  chloride  by  phosphorus  trichloride  derivatives  of  the  type  of  RPCI2,  and  in  particular  by  mcthyldl- 
chlorophosphine.  Esters  obtained  fiom  the  various  alcohols  and  the  acid  chloride  resulting  from  reaction  between 
methyldichlorophosphine,  vinyl  chloride,  and  oxygen  are  therefore  probably  mixtures  of  isomeric  compounds. 

In  the  present  work,  we  did  not  undertake  the  isolation  of  pure  substances  from  the  possible  mixture  of  Iso¬ 
mers.  Full  structural  formulas  of  the  compounds  prepared  are  therefore  not  given  In  the  table. 


EXPERIMENTAL 

1,  Acid  chlorides  of  methyldichlp.roethylphosphinic  (I)  and  rncthylchloroethcnylphosphinlc  (TI)  acids,  a) 
Oxygen  was  passed  at  —20*  through  a  mixture  of  170  g  (2.72  moles)  of  vinyl  chloride  and  120  g  (1.03  moles  of 
methyldichlorophosphine  (with  b,p,  79-80")*  until  the  reaction  came  to  an  end.  There  was  isolated  20.5  g  of 
liquid  boiling  over  the  range  of  65  to  120*  (4  mm).  Two  fractions  were  obtained  on  fractional  distillation;  105 
to  107*  (4  mm),  and  70-75*  (4  mm). 


•According  to  the  literature,  it  has  b.p.  77-79*  [4], 
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Com¬ 

pound 

foiling  point 

Formula  jipressure  in 

|nm) 

rf*, 

Yield 

{%) 

(1) 

011,(0^1, C1,)I>(0)C1 

105-1970(4) 

1.4820 

1.4960 

.38.45 

.38.60 

61.0 

(ID 

CMy(ClCll=CII)l’(0)Cl 

70 — 75  (4) 

1.3657 

1.4950 

33.94 

33.27 

— 

(111) 

Cll:,(Qll,,Cl2)l’(0)OCllr, 

95—100(4) 

1 .3432 

1.46(>.S 

39.40 

39.63 

21.8 

MV) 

ClI;,((;jlI,|CI.2)I’(O)0C2Jl5 

8S-92(2) 

1.2972 

1 .45(1(1 

42.36 

44.25 

61.3 

(V) 

CII,(C.I1,CI,)P(0)0C,H7 

94-96(2) 

1.2412 

1.4.5:.1() 

47.85 

48.86 

47.5 

(V)) 

cii  ,(C2ii;,c:i,)i’(0)0cii(Cih)2 

110-112(5) 

1.2423 

1 .45.30 

47.63 

48.86 

22.4 

(Vll) 

cii,(c:2ii,ci.)i'(0)0(Cii2)iCih 

122-126(3) 

1. 20871  1.4.570 

52.2 

53.48 

33.5 

(VIII) 

ciiiCji^cijii'ioiocn^ciiiciiiOi 

115-12013) 

1.2096:  1.4.560 

5^37 

53.48 

27.4 

(IX) 

Cll3(CICII=CII)l’(0)UC2ll5 

55-58(2.5) 

1.1533 

1 .4520 

39.45 

38.91 

74.5 

<Xi 

C1I;,(CIC1I=CH)P(0)SC2II-1 

80-85(2) 

1 .236( 

1..5250 

45.77 

45.34 

19.7 

(XI) 

CII,(C;,H7)P(0)0C2ll4Cl 

113-114(4) 

1.1574 

1.4595 

4:1.55 

44.00 

57.0 

(XII) 

CIl3(C3H7)P(0)0CH(CIl2CI)2 

135—139(2) 

1.2114 

1.4715 

53.78 

53.48 

66.0 

Higher  boiling  fraction  (I): 

Found  %  C  18.06,  18.34;  H  2.91,  2.33.  CsHgOPCl,.  Calculated  %  C  18.43;  H  3.09. 

Lower  boiling  fraction  (n): 

Found  ‘yo:  C  22.98,  22.72;  H  3.36,  3.15.  CjHsOPCli.  Calculated  loi  C  22.66;  H  3.17. 

b)  From  100  g  (1.6  moles)  of  vinyl  chloride  and  25  g  (0.214  mole)  of  methyldichlorophosphine,  under  the 
conditions  of  a,  was  obtained  12,7  g  of  (I), 

2,  Methyl  ester  of  methyldichloroethylphosphinic  acid  (III),  At  -5*,  70  g  (0,036  mole)  of  (I)  was  run  Into 
45  ml  of  metiianol  to  give  1.5  g  of  (HI). 

Found  ‘7o:  C  26.04,  26.24;  H  4.98.  5.10;  OCHj  16.67,  16.22.  C4H902PC12,  Calculated  %  C  25.15;  H  4.75; 
OCII3  16.24. 

^  Ethyl  ester  of  methyldichloroethylphosphinic  acid  (IV).  Preparation  under  the  conditions  of  experiment 
2  from  7,0  g  of  (I)  and  50  ml  of  alcohol,  gave  4,5  g  of  (IV). 

Found  C  28.38  ,  28.15;  H  4.20,  4.98,  P  14.57;  GCjIIs  21.05.  CsHnOiPClj.  Calculated  %  C  29.29; 

H  5.40;  P  15.11;  OCjHg  21.98. 

4.  Propyl  ester  of  methyldichloroethylphosphinic  acid  (V),  From  7,0  g  of  (I)  and  40  ml  of  propanol  was 
obtained  3.7i  g  of  (V), 

Found  %  C  32.80,  32.97;  H  6.24,  6,12;  P  13.66,  13.85;  OC3H7  26.71,  27.01.  CgHuOiPClj.  Calculated  % 
C  32.89;  H  5.98;  P  14.14;  OC3H7  26.07. 

5.  Isopropyl  ester  of  methyldichloroethylphosphinic  acid  (VI).  From  8  g  of  (I)  and  40  ml  of  isopropyl  al¬ 
cohol  was  obtained  2  g  of  (VI), 

Found ‘70:  C  33.75,  33.73;  H  5.70,  5.87;  OC3H7  26.53,  26.56.  CgHisOiPClz,  Calculated  C  32.89; 

H  6.98;  OC3H7  26.97. 

6.  Butyl  ester  of  methyldichloroethylphosphinic  acid  (VII).  From  5.3  g  of  (I)  and  30  ml  of  butanol  was 
obtained  2,1  g  of  (VII), 

Found  '7o;  C  35.12,  35,39;  H  6.59,  6.78;  P  12.64.  C7H15O2PCI,.  Calculated  %  C  36.07;  H  6.48;  P  13.29. 

7.  Isobutyl  ester  of  methyldichloroethylphosphinic  acid  (Vin).  From  7  g  of  (I)  and  45  ml  of  isobutano) 
was  obtained  2,3  g  of  (Vlll), 

Found  ‘7c-.  C  36.61, 36.36;  H  6.70,  6.43.  C7Hi502pCl2.  Calculated  %  C  36.07;  H  6.48. 

8.  Ethyl  ester  of  methyl- 2-chloroethenylphosphinic  acid  (IX).  From  10  g  (0.063  mole)  of  (H)  and  50  ml 
of  ethanol,  under  the  conditions  of  experiment  2,  was  obtained  7,9  g  of  (IX), 


Found  %  C  35.39,  35.07;  [1  G.G-J,  6.85.  CgHjoOiPCl.  Calculated  '7o;  C  35.62;  H  5.98. 

9.  Ethyl  ester  of  mcthyl-2-chloroethcnylthiolphosphlnic  acid  (X).  To  a  solution  of  5.3  g  (0.033  mole)  of 
(II)  in  50  ml  of  ether  was  added,  at  0*,  2.84  g  of  sodium  ethylmercaptide.  After  3  hr,  the  precipitated  NaCl  was 
filtered  off  and  1.2  g  of  (X)  was  isolated. 

Found  C  31.74,  31.28;  II  5.30,  5.03;  S  16.‘18,  16,03,  CgHioOPSCl.  Calculated  *7^:  C  32.52;  H  5.45; 

S  17.36. 

10,  2-Chloroethyl  ester  of  methylpropylphosphinic  acid  (XI),  A  solution  of  8  g  (0.57  mole)  of  methylpropyl- 
phospiiinyl  chloride  [2]  lii  20  ml  of  ether  was  mixed  at  0*  with  a  solution  of  5  g  (0,062  mole)  of  2-chlotocthanol 
in  ether.  There  was  isolated  6.0  g  of  (XI), 

Found  C  39.25,  39.18;  M  8.15,  7.72;  P  17.18;  17.20.  C5Hi402pCl.  Calculated  7<^.  C  39.03;  H  7.62; 

P  16.73. 

11,  1 ,3-Dfchloroisupropyl  ester  of  methylpropylpliosphinic  acid  (XII).  Reaction  of  8  g  of  methylpropyl- 
phosphinyl  chloride  and  7.7  g  (0.06  mole)  of  1 ,3-dichloroIsonropyl  alcohol  under  the  conditions  of  experiment  10 
gave  8,8  g  of  (XII), 

Found  7^  C  36.79,  36.77;  H  6.80,  6.02;  P  13.61,  13.66.  CjIligO-^PClz.  Calculated  %  C  36.07;  H  6.48; 

P  13.29. 

SUMMARY 

1,  Oxidative  clilorophosphination  of  vinyl  chloride  was  effected  with  inethyldichlocophosphlne;  methyldi- 
clilorocthylphosphiiiyl  and  mcthyl-2-chloroethenylphosphinyl  clilorides  were  prepared, 

2,  The  following  were  synthesized:  the  methyl,  ethyl,  propyl.  Isopropyl,  butyl,  and  Isobutyl  esters  of 
iiK  thyldichloroethylphospliinic  acid,  the  ethyl  ester  of  methyl-2-chloiocthenyIthiolphosphinlc  acid,  and  the '2- 
-chlorocthyl  and  1 ,3-dichlorolsopropyl  esters  of  methylpropylphosphinic  acid, 
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Numerous  attempts  have  been  made  to  prepare  compounds  containing  a  sulfo  group  [1]  at  an  acetylenic 
carbon  atom. 

Rondestvedt  and  Wygant  [2]  described  some  unsuccessful  attempts  to  synthesize  acetylenesulfonyl  chloride 
by  sulfonation  of  phenylacetylene  and  its  sodium  derivative  with  the  help  of  dioxane  sulfotrioxide  and  sulfur  di¬ 
oxide,  as  well  as  by  dehydrobromination  of  a-bromoethenesulfochloridc  and  sodium  a-bromostyrenesulfonate. 
For  example,  treatment  of  a-bromoethcnesulfochloride  with  triethylamine  in  ethereal  solution  at  70*  resulted  in 
precipitation  of  triethylamine  hydrobromide,  and  a  substance  was  isolated  with  a  boiling  point  close  to  that  of 
of  vinyl  sulfochloride.  The  analytical  data  were  unsatisfactory.  The  infrared  spectrum  of  the  substance  did  not 
contain  frequencies  in  the  4.4-4,6)i  region  (the  C  =  CH  bond)  and  differed  from  the  infrared  spectra  of  vinyl 
sulfochloride  and  of  the  original  a-bromovinyl  sulfochloride.  In  view  of  this,  the  authors  consider  the  substance 
In  question  to  be  Impure  acetylenesulfochloride.  Experiments  on  dehydrobromination  of  a-bromostyrenesulfo- 
chloride  and  sodium  a-bromostyrenesulfonate, with  the  help  of  alcoholic  alkali,  triethylamine,  and  2,6-lutldine, 
likewise  did  not  lead  to  the  desired  derivative  of  acetylenesulfonic  acid, 

Dombrovskii  and  Prilutskii  [3]  succeeded  in  preparing  the  barium  and  potassium  salts  of  1-hexyne-l-sul- 
fonic  acid  from  1-hcxync,  and  the  barium  and  potassium  salts  of  phenylacetylenesulfonic  acid  from  phenyl- 
acetylene.  However,  the  free  acetylenesulfonic  acid  could  not  be  isolated,  since  the  substance  decomposes  com 
plctcly  during  evaporation  of  its  aqueous  solution.  Backer  and  Strating  [4]  isolated  a  substance  containing  the 
sulfo  group  at  the  acetylenic  carbon  when  they  synthesized  bis-(tert-butylsulfonyl)- acetylene. 

In  the  present  work,  the  following  route  to  a  sulfochloride  of  the  acetylenic  series  was  selected,  and  the 
synthesis  was  accomplished: 


C.IIjMgnr 


HC=CH^  80,01, 

MgUr 


C— SO2CI 

II! 

C— SO.CI 


H,0 

-soT 


C-SO2CI 

III  •  HzO 

C-Cl 


A  substance  was  obtained  (yield  about  10%,  calculated  on  the  ethyl  bromide  taken)  which  decolorized  po 
tassium  permanganate  solution,  released  iodine  from  potassium  iodide  solution,  gave  (after  some  time)  a  char¬ 
acteristic  precipitate  with  Ilosvay  reagent,  and  reacted  violently  (with  detonation)  with  aniline.  The  structure 
of  8 -chloroacetylenesulfochloride  hydrate  was  assigned  to  the  product.  Its  crystalline  aniline  derivative  cor¬ 
responded  in  composition  to  6 -phenylaminoacetylenesulfonic  acid  anilide  dihydrochloride  [CeHjNH—  C  = 

=  C  -  SOzNIlCgHj]  •  2HC1. 

Closer  investigation  of  8 -chloroacetylenesulfochloride  hydrate  revealed  certain  properties  relating  it  to 
analogous  compounds  of  the  ethane  and  ethylene  series,  but  also  specific  properties  characterizing  it  unequivo¬ 
cally  as  an  acetylenic  derivative.  For  example,  8 -chloroacetylenesulfochloride  hydrate  is  even  more  easily  de 
sulfonated  under  the  action  of  aqueous  bases  than  halogen- substituted  sulfonic  acids  of  the  ethane  and  ethylene 
series  [5],  Even  aqueous  ammonia  (1:1)  decomposes  8 -chloroacetylenesulfochloride  with  formation  of  SOs 
ions  in  solution. 

The  action  of  Ilosvay  reagent  on  8  -chloroacetylenesulfochloride  can  be  expressed  by  the  equation: 

3 V  t|  o  H 

C1-C=C-S02CI  ClC=C-Cu  +  NH4CI  -f  (Nll4)2S03. 
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Formation  of  a  ptccipitatc  of  copper  cliloroacetylide  with  Ilosvay  reagent  is  characteristic  of  an  ct-acctyl- 
enic  compound,  and  is  evidently  tlic  result  of  preliminary  transformation  of  the  original  sulfochloride  by  aqueous 
ammonia  Into  chloroacetylene  and  subsequent  precipitation  of  the  latter  by  ions  of  monovalent  copper. 

The  characteristic  properties  of  0 -chloroacetylencsulfochloridc  include  the  reaction  with  bromine  in  car¬ 
bon  tetrachloride,  which  is  accompanied  by  dccolorization  of  the  bromine  solution.  Under  the  same  conditions, 

0  -chlcroeihencsulfochloridc  does  not  decolorize  a  solution  of  bromine  in  carbon  tetrachloride. 

It  is  interesting  to  note  that  the  17(’0  cm"*  frequency  is  present  in  the  infrared  spectrum  of  6-chloroetb- 
cnesulfochloridc  hydrate  and  no  frequencies  are  found  in  the  19C0  ctn"^  region  (the  characteristic  frequency  of 
acetylenic  contpounds).* 

In  this  connection,  wc  must  remember  that,  on  the  basis  of  the  infrared  spectrum  of  bis-(ethoxycarbamino)- 
-  acetylene  (I),  Gaylord  [G]  assigned  to  this  compound  the  structure  of  the  isomeric  bis-(carbeihoxy)-glyoxaldl- 
minc  (II). 


Cd !  •  ( )t:0— N 1 1— G  ( ’2I  l:,Or.ON:r^C!  I 

lil  (I)  I 

( wl  I:,G(  :<)-  M I  -C  G2I  l;,OCON=-^CI  I 

It  is  possible  that  the  unusual  structure  of  0  -cliloroacetylencsulfochloride  (a  heavy  concentration  of  sub¬ 
stituents  at  triply  bonded  carbon  atoms)  lowers  the  characteristic  frequency  of  this  compound, just  as  replacement 
of  hydrogen  atoms  in  acetylene  by  deuterium  lowers  the  characteristic  frequencies  in  the  acetylene  spectrum 
from  1974  to  1750  cin"^  in  the  deutcroacetylcne  spectrum  [7], 

The  foregoing  data  permit  the  conclusion  that  the  structure  of  0 -chloroacetylencsulfochloridc  hydrate  can 
be  assigned  to  tlic  prepared  substance  in  the  light  of  its  empirical  formula,  the  chemical  properties  (behavior  to¬ 
ward  potassium  permanganate  solution,  bromine  in  carbon  tetrachloride,  aqueous  ammonia,  and  Ilosvay  reagent) 
and  tlie  analysis  of  its  aniline  derivative.  The  structure  in  question  also  follows  from  the  method  of  synthesis. 
Ordinary  means  for  binding  water  (treatment  with  anhydrous  salts  and  azeotropic  distillation)  did  not  lead  to  iso¬ 
lation  of  0 -chloroacetylencsiilfocliloridc  in  the  anhydrous  form. 

In  the  present  work,  wc  investigated  the  behavior  of  0 -chloroacetylencsulfochloridc  hydrate  toward  various 
fluorinating  agents  with  the  objective  of  preparing  the  corresponding  sulfofliiorides  of  the  acetylenic  series.  0- 
-Chloroacetylencsulfochloride  reacts  vigorously  with  pulverized  potassium  fluoride  with  formation  of  a  fluorine- 
containing  substance  whose  constants  differed  from  those  of  the  starting  substance,  Wc  v/ere  unable,  however,  to 
separate  0 -chloroacetylcnesiilfofluoridc  in  the  analytically  pure  form.  Analysis  of  the  substance  resulting  from 
the  action  of  potassium  fluoride  indicates  tliat  it  is  an  approximately  45:55  mixture  of  the  original  0-chloro- 
acctylencsulfochlotide  and  chloioacetylenesiilfofluoride.  An  aqueous  solution  of  potassium  fluoride  completely 
decomposes  0 -chloroacetylencsulfochloridc.  Trcatir.cnt  of  0 -chloroacciylcnesuirofhiuridc  hydrate  with  zinc 
chloride  in  a  platinum  test  tube  at  150"  docs  not  give  fluorine-containing  substajiccs,  Wc  have  reported  earlier 
[8J  on  other  attempts  to  prepare  sulfofliiorides  of  the  acetylenic  series, 

EXPERIMENTAL 

0 -Chlcroacctylencsulfochloride  (I).**  A  stream  of  purified  acetylene  was  passed  for  16  hr  into  ethylmag- 
nesium  bromide  prepared  from  1  mole  of  ethyl  bromide.  An  lotsich  complex  was  prepared  in  a  special  two- 
nccked  flask  fitted  with  a  tap  through  which  the  complex  was  then  added  dropwise, with  ice-salt  cooling, to  an 
ethereal  solution  of  135  g  of  freshly  distilled  siilfuryl  chloride.  After  completion  of  this  operation,  the  mixture 
was  stirred  for  another  hour  at  room  temperature,  and  then  poured  onto  ice.  The  ethereal  layer  was  twice  washed 
with  iced  water,  dried  with  calcined  sodium  sulfate,  and  fractionally  distilled, 

B.p.  90-92"  (10  mm),  n^°D  1.5330,  d^®^  1.8781. 

Found  ‘7o:  C  12.91,  12.59;  H  1.18,  1.11;  Cl  40.14,  40.07.  C2II2O3SCI2.  Calculated  C  13,56;  H  1.13; 

Cl  40.06. 
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6-Phenylamlnoacetylenesulfonlc  acid  atilUde  dlhydrochlorlde  (II).  Freshly  distilled  aniline  was  added, 
dropwise  with  shaking  and  cooling,  to  2  g  of  (1)  in  8  ml  of  ether.  The  mixture  was  treated  with  lO^^o  hydrochloric 
acid  solution  and  washed  with  water;  the  precipitate  was  twice  recrystallized  from  ethanol.  Pale-yellow  crystals 
with  m,p,  130-131*, 

Found  %  C  48.99,  49.40;  H  4.03,  4,25;  S  9.24  ,  9.48;  N  8,53,  8.52.  Ci4Hi40jN2SCl2.  Calculated  % 

C  48.70;  H  4.08;  S  9.28;  N  8,11. 

Action  of  aqueous  ammonia  on  (I).  0,5  g  of  (I)  was  treated  with  3  ml  of  water,  and  2  ml  of  ammonia  so¬ 
lution  (1:1)  was  added;  after  5  min,  barium  chloride  solution  was  added.  A  white  crystalline  precipitate  came 
down;  soluble  in  nitric  acid  (1:1). 

Action  of  llosvay  reagent  on  (I),  To  a  solution  of  1  g  of  (1)  in  10  ml  of  acetone  was  added  20  ml  of  water, 
followed  (with  stirring)  by  50  ml  of  freshly  prepared  llosvay  reagent  (containing  0,46  g  of  Cu'*’),  Considerable 
heat  was  generated  and  a  red  precipitate  formed.  The  reaction  mass  was  treated  with  50  ml  of  water  and  stood 
overnight.  The  precipitate  was  washed  three  times  on  the  filter  with  water,  twice  with  acetone,  then  with  ether, 
and  dried.  No  copper  ions  were  detected  in  the  filtrate.  A  solution  of  a  sample  of  the  precipitate  in  concentrated 
nitric  acid  gave  positive  reactions  for  chlorine  and  copper;  another  sample  was  fused  with  sodium  and  gave  a 
negative  test  for  sulfur;  a  third  sample  gave  a  positive  color  reaction  [9]  for  carbon. 

Action  of  bromine  on  (I).  A  solution  of  bromine  in  carbon  tetrachloride  was  added  to  a  solution  of  (I)  in 
the  same  solvent;  the  bromine  solution  decolorized.  Under  the  same  conditions,  0-chlorovinylsulfochloride  does 
not  decolorize  bromine  solution. 

Action  of  zinc  fluoride  on  (I),  In  a  platinum  test  tube,  6.8  g  of  (I)  was  heated  with  7,5  g  of  zinc  fluoride 
at  150*  for  6  hr.  The  resulting  liquid  had  b,p.  55,5-57*  (4  mm),  n^^D  1,5560,  d^°4  2,1896,  did  not  contain  fluorine, 
and  contained  8,697o  of  chlorine.  It  was  not  further  examined. 

Action  of  potassium  fluoride  on  (I),  To  24.8  g  of  (I)  was  added  portlonwise  33  g  (1007o  excess)  of  finely 
pulverized,  freshly  calcined  potassium  fluoride.  During  this  operation  the  temperature  rose  spontaneously  to  50 
to  60*.  The  mixture  was  heated  in  vacuo  (bath  temperature  80*),  while  the  residual  pressure  was  held  at  first  at 
85  mm,  and  later  at  15  mm,  and  subjected  to  fractional  distillation,  A  colorless,  mobile,  lachrymatory  liquid, 
soluble  in  organic  solvents  (ether,  acetone,  chloroform);  insoluble  in  water, 

B.p.  51-55*  (15  mm),  n^^D  1.4985,  d^‘’4  2.0501. 

Found  7«:  C  16.72,  17.06;  F  7.57,  6.84;  Cl  31.64,  31.62.  M  291.5.  CiOjSClj  +  CjOjSFCl.  Calculated  % 

C  16.04;  F  7.57;  Cl  31.43. 

In  its  composition,  the  substance  corresponds  to  a  mixture  of  6 -chloroacetylenesulfo fluoride  and  6-chloro- 
acetylesulfochloride  in  the  ratio  of  55.3!44,7,  It  is  probably  an  azeotropic  mixture. 

Action  of  chlorine  on  (I),  A  solution  of  2.5  g  of  (I)  in  15  ml  of  carbon  tetrachloride  was  chlorinated  with 
exposure  to  light.  Slight  heating  was  observed  during  chlorination,  A  substance  was  obtained  with  b.p,  75-79* 

(10  mm),  n^^D  1,5148.  It  was  not  investigated  more  closely, 

SUMMARY 

1.  6 -Chloroacetylenesulfochloride  was  synthesized  in  the  form  of  the  hydrate,  and  some  of  its  properties 
were  studied:  behavior  toward  aqueous  ammonia,  bromine,  chlorine,  potassium  fluoride,  zinc  fluoride,  llosvay 
reagent,  and  aniline, 

2,  6 -Phenylaminoacetylenesulfonlc  acid  anilide  dihydrochloride  was  prepared  by  reaction  of  8 -chloro¬ 
acetylenesulfochloride  hydrate  with  aniline. 
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It  is  well  known  that  the  most  typical  reactions  of  benzoquinones,  as  derivatives  of  dihydrobenzene,  are  ad¬ 
dition  reactions.  However,  according  to  the  literature,  the  reaction  of  many  substituted  benzoqulnones  (such  as 
halo-  [1-4],  alkoxy-  [4-12],  phenoxy-  [8],  hydroxy-  [13],  amino-  [2,8,10,11,14],  and  thIo-1 ,4-bcnzoquInoncs  [8]) 
with  amines  involves  displacement  of  tlie  substituents  in  the  original  molecules  by  amine  residues  with  formation, 
as  a  rule,  of  derivatives  of  diamino- 1 ,4-benzoquinonc.  Reports  have  also  been  published  [9,12,15]  about  the 
synthesis  of  derivatives  of  tri-  and  tetraamino-l,4-benzoquinones. 

Substituents  in  the  para- position  to  one  another  arc  most  easily  and  smoothly  displaced,  Quinones  contain¬ 
ing  substituents  in  the  2,3-  and  2,G-positIons  react  with  amines  very  much  more  slowly  and  in  a  more  complex 
fasluon  [6,10,12],  So  far,  tlicse  reactions  have  been  little  studied.  The  facility  with  which  residues  arc  replaced 
in  tlie  benzoquinone  molecule  by  amines  also  depends  on  the  nature  of  the  residues.  Most  easily  replaced  are 
amino,  alkoxy,  phenoxy,  and  thio  groups.  Chlorine  atoms  are  replaced  with  ratlier  more  difficulty.  No  work  ap¬ 
pears  to  liavc  been  published  on  interaction  of  acyloxybenzoquinones  with  amines. 

In  the  present  work  we  studied  the  reactions  of  2,5-dlncetoxy-  and  2,5-dibcnzoyloxy-3,6-dichloro-l  ,4- 
-beir/oquinones  with  ethylcncimine,  lire  2,5-dlacctoxy-3,6-dichloio-14  -benzoquinone  (l)  required  for  the  work 
was  prepared  in  good  yield  from  chloranilic  acid  and  acetic  anhydride;  2,5-dibenzoyloxy-3,6-dIchloro-l,4- 
-bcuzoquinone  (II)  was  obtained  in  quantitative  yield  from  chloranilic  acid  and  benzoyl  chloride. 

Reaction  of  (l)  and  (II)  with  cthylenciminc  in  benzene  in  presence  of  triethylaminc  gave  the  same  substance 
in  both  cases  with  a  composition  (judging  by  its  analysis  and  properties)  corresponding  to  the  bis-triethylammonl- 
um  salt  of  2,5-dihydroxy-3,6-dichloro-l,4-bcnzoqi!inone  (IH),  Acidificaticn  of  the  aqueous  solution  of  (III)  with 
dilute  liydrochloric  acid  led  to  separation  of  chloranilic  acid  (see  scheme  on  following  page). 

Only  one  of  the  two  amines  (triethylaminc)  participated  In  the  formation  of  the  product  (III)  of  these  re¬ 
actions,  In  later  experiments  we  therefore  reacted  (I)  and  (II)  with  tricthylamlne  and  ethylcncimine  separately. 

It  was  then  found  that  the  acyloxy  groups  of  (I)  and  (II)  react  less  easily  with  triethylaminc  alone  than  in  presence 
of  ethylcncimine.  Reaction  of  triethylaminc  with  (I)  gave  the  triethylammonium  salt  of  2-acetoxy-5-hydroxy- 
-3,6-dichloro-l,4-benzoquinonc  (IV)  in  the  form  of  dark  violet  crystals.  Acidification  of  an  aqueous  solution  of 
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(Vll)  (VI)  (VIII)  (DC) 

the  salt  with  dilute  hydrochloric  acid  led  to  Immediate  separation  of  bright  yellow  crystals  of  2-acetoxy-5-hy- 
droxy-3,r>-dichloro-l,4-benzoquinone  (V).  Similarly,  reaction  of  triethylamine  with  (O)  gave  the  triethylam- 
moniiim  salt  of  2-benzoyloxy-5-hydroxy-3,6-dichloro-l ,4-benzoquinone  (VI),  In  this  case,  the  reaction  is  very 
much  slower  than  that  of  (I),  Acidification  of  the  aqueous  solution  of  (VI)  yielded  yellow  crystals  of  2-benzoyl- 
oxy-5-hydroxy-3,6-dlchloro-l,4-bcnzoquinone  (Vn),  Crystals  of  chloranilic  acid  came  down  from  the  filtrates, 
after  separation  of  (VI)  and  (VII)|on  lengthy  standing. 

Reaction  of  both  (I)  and  (II)  with  excess  of  ethyleneimlne  in  anhydrous  benzene  gave  the  same  substance 
in  the  form  of  violet  crystals.  Judging  by  the  analysis  and  properties,  it  is  the  ethyleneimmonium  salt  of  2- 
-ethylcncimino-5-hydroxy-3,G-dichloro-l,4-bcnzoquinonc  (Vni).  It  should  be  noted  that  the  reaction  of  ethyl- 
encimine  with  (I),  just  like  that  with  triethylamine,  goes  faster  and  with  better  yield  than  in  the  case  of  (II), 
Acidification  of  the  aqueous  solution  of  (VIII)  with  dilute  hydrochloric  acid  led  to  separation  of  dark-violet  crys¬ 
tals  of  2-cthylcneimino-5-hydroxy-3,G-dicliloro-l ,4-bcnzoquinonc  (IX),  Chloranilic  acid  came  down  from  the 
filtrate  from  separation  of  (IX)  after  prolonged  standing.  The  structure  of  (VIII)  and  (IX)  was  confirmed  by  their 
similarity  to  the  ammonium  salt  of  2-amino-5-hydroxy-3,6-dichloro-l,4-benzoquinone  —  obtained  by  Erdmann 
[IG]  by  dissolving  chloranil  in  aqueous  ammonia  —  and  to  free  2-amino-5-hydroxy-3,6-dichloro-l,4-benzoquin- 
one,  which  was  isolated  from  the  ammonium  salt  by  treatment  with  hydrochloric  acid. 

The  results  show  that  acyloxydichloro-l,4-bcnzoquinones,  unlike  other  substituted  quinones,  react  with 
ethyleneimine  with  complete  replacement  of  only  one  acyloxy  group.  Under  the  same  conditions,  chlorine  atoms 
are  not  replaced  by  ethyleneimine  residues. 


EXPERIMENTAL 

2.5- Diacetoxy-3,G-dichloro-l,4-benzoquinone  (I),  A  suspension  of  1,2  g  of  chloranilic  acid  in  5,4  ml  of 
acetic  anhydride  was  boiled  for  5  min.  The  acid  went  into  solution  and  a  yellow  precipitate  came  down  on  cool¬ 
ing,  The  latter  was  filtered  and  washed  with  ethanol  and  ether.  Yield  1,45  g  (877o),  Lemon-yellow  crystals  with 
m,p,  183-184“  (from  benzene).  Literature  [17];  m,p,  182,5*, 

2.5- Dibenzoyloxy-3,6-dichIoro-l,4-benzoquinone  (II),  A  suspension  of  2  g  of  chloranilic  acid  in  9  ml  of 
benzoyl  chloride  was  boiled  for  15  min  until  solution  was  complete.  Yellow  crystals  came  down  on  cooling.  The 
precipitate  was  filtered  and  washed  with  ethanol  and  ether.  Yield  4  g  (quantitative).  Bright-yellow  crystals  with 
m,p,  212-214*  (from  benzene). 
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Fouiid*?'^  C  57.69;  H2.73;  Cl  17.10.  C20H10OCCI2.  Calculated  %  C  57.55;  H  2.40;  Cl  17.10. 

Bis-trictliylanimoniuin  salt  of  2,5-diIiydroxy-3.6-dichloro-l,4-benzoquinone  (m).  a)  From  2,5-diacetoxy- 
r  -3.G-dtchloro-l,4-bcnzoqulnone  (I).  To  a  solution  of  0,7  g  of  (I)  in  45  ml  of  dry  benzene  (cooled  with  Iced 
water)  was  added  a  mixture  of  0.25  ml  of  cthylencimine  and  0.7  ml  of  triethylamine  in  5  ml  of  benzene,  and  the 
mass  was  vigorously  shaken.  The  color  of  the  solution  quickly  changed  from  light  yellow  through  dark  red  to 
violet.  After  15-min  standing  in  cold  v/ater,  the  liquid  begen  to  deposit  fine,  dark-lilac  crystals.  Yield  0.12  g 
(127'?),  Rccrystallization  from  a  mixture  of  chloroform  and  methanol  (1:1)  and  two  reprcclpitations  from  solution 
in  chloroform  gave  dark-blue  crystals  with  m.p.  181-132*. 

Found  C  52.21;  II  7.56;  N  6.37;  Cl  16.98.  CisHaaO^NiCl^.  Calculated  7e  C  52.55;  H  7.78;  N  6.81; 

Cl  17.27. 

Readily  soluble  in  water,  chloroform,  acetone,  and  ethyl  acetate, 

b)  From  2,5-dibenzoyloxy-3,G-dichloro-l,4-benzoqiiinone  (ll).  To  a  solution  of  0.4  g  of  (II)  in  80  ml  of 
dry  benzene,  cooled  with  iced  water,  was  added  a  mixture  of  0.1  g  of  ethyleneimine  and  0.3  ml  of  triethylamine 
in  5  ml  of  benzene;  the  mass  was  shaken.  The  color  of  the  solution  changed  to  dark  red.  After  the  mass  had 
stood  for  30  min  in  cold  water,  it  started  to  deposit  a  light-lilac  precipitate,  Tlie  mixture  was  stood  overnight  in 
a  refrigerator.  Yield  0.06  g  (1570),  Recrystallization  from  a  mixture  of  chloroform  and  methanol  (1:1)  and  re¬ 
precipitation  from  chloroform  with  ether  gave  pink  to  lilac  crystals  with  m.p,  181-182*.  Mo  depression  in  a 
mixed-melting  test  with  the  product  from  a. 

Acidification  of  an  aqueous  solution  of  0.05  g  of  salt  (UI)  with  h'1o  hydrochloric  acid  led  to  Immediate 
separation  of  lustrous,  orange  crystals  of  chloranilic  acid.  Yield  0.03  g  (quantitative);  m.p.  285*  (decomp.).  No 
depression  in  a  mixed- melting  test  with  authentic  chloranilic  acid, 

Trie^hylamjnoniujn_salt  of  2-acctoxy-5-hydroxy-3,6-dichloro-l,4-benzoqiiinone  (IV).  To  a  solution  of 
0.07  g  of  (1)  in  4.5  nil  of  dry  benzene  was  added  0.07  ml  of  triethylamine,  and  the  mixture  was  shaken.  The 
color  at  once  changed  to  rcd-violet.  The  mixture  was  left  overnight.  A  black-violet,  coarsely  crystalline  pre¬ 
cipitate  came  down.  Yield  0.05  g  (59.57t>).  M.p.  123-124*  (from  benzene). 

Found  7c  C  47.90;  H  5.42;  N  3.94;  Cl  19.40.  Ci^HigOsNClz.  Calculated  7>?:  C  47.72;  H  5.40;  N  3.97; 

Cl  20.17. 

Readily  soluble  in  water,  soluble  in  benzene  a.nd  other  organic  solvents, 

2-Acctoxy-5-hydroxy-3,6-dichloro-l  ,4-beiizoquiiione  (V).  Into  a  solution  of  0.3  g  of  (IV)  in  25  ml  of 
water  was  run  dropwise  57<?  hydrochloric  acid  until  the  liquid  had  a  strongly  acid  reaction.  Golden-yellow  scales 
at  once  came  down  and  were  quickly  filtered,  washed  with  acidified  water,  and  dried  In  a  vacuum  desiccator. 
Yield  0.18  g  (8O7?).  Yellow,  rectangular  plates  (under  the  microscope).  M.p,  225*  (from  benzene,  with  decomp,). 

Found  7<C  C  38.10;  H  1.69;  Cl  23.10.  CgH^OgClz.  Calculated  %  C  38.05;  H  1.59;  Cl  23.28. 

Soluble  in  ethanol,  ether,  and  benzene.  Chloranilic  acid  comes  down  from  the  aqueous  acidic  filtrate 
afterprolonged  standing  at  room  temperature, 

Tricthylaminonium  salt  of  2-benzoyloxy-5-hydroxy-3,6-dichloro-l,4-bcnzoquinone  (VI),  To  a  solution 
of  0,12  g  of  (n)  in  20  ml  of  dry  benzene  was  added  0.09  ml  of  triethylamine,  and  the  mixture  allowed  to  stand 
at  room  temperature  for  2  days.  The  mixture  gradually  acquired  a  deep-violet  color  and  deposited  dark-violet 
crystals.  The  solution  was  evaporated  to  a  small  volume.  Yield  0.05  g  (507»),  m.p,  122-123’  (from  benzene). 

Found  7c  C  55.04;  H  5.01;  N  3.60;  Cl  16.38,  CigUziOgMClz.  Calculated  7o:  C  55.07;  II  5.07;  N  3,37; 

Cl  17.15. 

Ixss  soluble  in  water  than  (IV), 

2-nenzoyloxy-5-hydroxy-3,6-dichloro-l  ,4-benzoquinonc  (Vll),  To  an  aqueous  solution  of  0,2  g  of  (VI) 
was  added  57o  hydrochloric  acid  dropwise  until  the  liquid  had  a  strongly  acidic  reaction.  A  voluminous  precipitate 
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at  once  came  down  and  was  filtered,  washed  with  acidified  water,  and  dried  in  a  vacuum  desiccator.  Yield  OJ  g 
(70*50),  Yellow  crystals,  decomp,  p.  250*  (from  benzene). 

Found  %  C  50.07;  H  1.88;  Cl  22,23.  CuHgOgClz.  Calculated  %  C  49,84;  H  1.91;  Cl  22.68, 

Chloranilic  acid  came  down  from  the  aqueous  acidic  solution  after  lengthy  standing  at  room  temperature, 

Ethyleneimmonium  salt  of  2-hydroxy- 5-ethyleneimino-3.6-dichloro-l,4-benzoquinone  (Vni),  a)  From 
2 ,5-diacetoxy-3 ,6-dichloro- 1 ,4-benzoquinone  (I).  Ethyleneimine  (1,5  ml)  was  run  into  a  solution  (cooled  with 
iced  water)  of  2,1  g  of  (I)  in  150  ml  of  anhydrous  benzene.  The  color  of  the  solution  at  once  became  reddish- 
violet,  and  fine,  violet-brown  crystals  came  down.  The  latter  were  stood  and  then  filtered  and  washed  with 
benzene.  Weight  2,38  g,  Rccrystallization  from  chloroform  gave  0,8  g  (40*7o);  m.p,  140-141*  (decomp),  (capil¬ 
lary  inserted  in  the  apparatus  at  136*), 

Found  %  C  42.79;  H  3.67;  N  9.70;  Cl  26,84.  C^HioOsNzClj.  Calculated  %  C  43.32;  H  3.61;  N  10.10; 

Cl  25.65, 

Soluble  in  water,  chloroform,  and  other  organic  solvents, 

b)  From  2,5-dibenzoyloxy-3,6-dichloro-l,4-benzoquinone  (II).  To  a  solution  of  1  g  of  (II)  in  200  ml  of 
benzene,  cooled  with  iced  water,  was  added  0,5  ml  of  ethyleneimine.  There  was  obtained  0,67  g  of  brown- 
violet  precipitate  from  which,  after  recrystallization  from  benzene  was  isolated  0,3  g  (45*70);  m.p,  140-141*  (de¬ 
comp,),  No  depression  in  a  mixed- melting  test  with  the  substance  obtained  by  method  a, 

2-Hydroxy- 5-ethyleneimino-3 ,6-dichloro- 1 ,4-benzoquinone  (IX).  An  aqueous  solution  of  (Vin)  was  acidi¬ 
fied  with  57*’  hydrochloric  acid  until  strongly  acidic.  The  color  of  the  solution  changed  from  violet  to  cherry-red. 
After  15  min,  a  dark  violet  precipitate  came  down;  m.p,  179-180*  (from  acetone,  decomp,). 

Found  C  41,26;  H  2.34;  Cl  29.36.  CgHgOsNClj.  Calculated  %  C  41.02;  H  2,13;  Cl  30.34. 

Soluble  in  water,  readily  soluble  in  acetone,  chloroform,  methanol,  ethanol,  and  benzene.  After  standing 
for  a  long  period,  the  aqueous  filtrate  deposited  red-orange  crystals  of  chloranilic  acid. 

SUMMARY 

1,  The  reactions  of  2,5-acetoxy-  and  2,5-dibenzoyloxy-3,6-dichloro-l,4-bcnzoquinone  with  ethylene¬ 
imine  and  triethylamine  were  studied. 

2,  Triethylammonium  salts  of  the  following  were  prepared:  2,5-dihydroxy-3,6-dichloro-l,4-benzoquinone; 
2-acetoxy-5-hydroxy-3,6-dichloro-l,4-benzoquinone;  2-bcnzoyloxy-5-hydroxy-3,6-dichloro-l ,4-benzoquinone; 
also,  the  ethyleneimmonium  salt  of  2-hydroxy-5-ethylenelmino-3,6-dichloro-l ,4-benzoqulnone,  and  the  cor¬ 
responding  free  hydroxy  compounds, 
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INTERACTION  OF  E  TH  OX  YC  H  LOROQ  U I  NO  N  E  S  WITH  AMINES 
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In  tlic  present  work  we  dcsciibc  the  preparation  of  monoethoxytrichlorobcnzo^uinone  and  some  of  its  re¬ 
actions,  including  reaction  with  amines.  Monocthoxytrichlorobcnzoquinonc  (U)  [1]  is  prepared  by  reaction  of 
chloranil  (I)  with  ethyl  alcoliol  in  presence  of  tricthylamine.with  the  chloranil  and  tricthylaniine  in  a  definite 
molar  ratio.  It  forms  small,  lustrous,  yellow-orange  flakes.  Monoethoxytrichlorobcnzoquinone  is  easily  reduced 
by  sodium  hydrosulfite  to  monoethoxytriclilorohydroquinone  (III).  Treatment  of  the  quinone  (ll)  with  potassium 
hydroxitic  solution  at  room  temperature  gives  the  potassium  salt  of  chloranilic  acid,  from  which  the  free  acid  (TV) 
is  obtained  by  treatment  with  dilute  hy<lrochloric  acid. 

Reaction  of  monoethoxytriclilorobenzoquinone  with  ethylcneiminc  led  to  synthesis  of  monoethylcneimlno- 
trichloro-l,4-benzoquinone  (V)  in  the  form  of  lustrous,  dark  cherry-red  flakes.  Ethyleneiiniiiotrichloroquinone 
reacts  witlt  great  facility  with  a  sccon.d  molecule  of  cthyleneimine  to  form  the  knov.n  2,5-dichloro-3,6-dicthyl- 
cneiniino-l,4-benzoquinone  (VI)  [2],  It  was  therefore  necessary  to  ren’cvc  (V)  from  the  reaction  mixture  as  fast 
as  it  was  formed.  Interaction  of  quinoncs  with  amines  usually  gives  2,5-diaminoquinones.  Only  in  isolated  cases 
have  monoaminoquinoncs  been  described  [3,4];  however,  the  only  representative  of  this  class  with  an  cthylene¬ 
imine  residue  so  far  known  has  been  ethylcneiminoxyloquinone  [5].*  *  (Sec  scheme  on  following  page.) 

Ethylenciminotrichloroquiuonc  readily  reacts  with  amines.  With  morpholine  it  gives,  depending  on  the  re¬ 
action  conditions,  2,5-dichloro-3-cthylcncimino-6-niorpholino-l,4-benzoquinone  (VII)  or  2,5-dichloto-3,6-dl- 
inorpholino-l,4-bcnzoiiuinone  (VIII),  or  even  both  substances  together.  2,5-Dichloro-3,6-dimorpholino-l,4- 
-benzoquinone  is  also  formed  when  (VII)  or  (V)  are  heated  with  morpholine.  Quinone  (V)  reacts  with  still  greater 
facility,  but  in  a  more  complex  manner, with  cyclchcxylamine.  The  products  arc  2,5-dichloto-3-cthyleneimlno- 
-6-cyclohexylamino-l,4-benzoquinone  (IX),  cyclohcxylaminotiichloro-l.d-benzoquinone  (X),  and  2,5-dichloro- 
3,6-dicyclchcxylamino-l,4-bcnzoquinone  (XI)  [7].  The  quantitative  ratio  of  these  products  depends  on  the  re¬ 
action  conditions.  With  an  excess  of  cyclohexylamine,  both  (IX)  and  (X)  are  converted  to  quinone  (XI)  in  sub¬ 
stantially  quantitative  yield. 

•  See  C.B.  translation. 

*  *  After  our  experimental  work  had  been  completed,  a  paper  appeared  [6]  which  reported  the  preparation  of 
2-mcthoxy-5-cthylcneimino-l,4-benzoquinonc. 
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It  appears  from  the  above  reactions  that  the  interaction  of  ethoxytrichloroquinone  with  ethyleneimlne  pro¬ 
ceeds  in  two  steps.  The  ethoxy  group  is  first  displaced  by  the  ethyleneimine  residue  with  formation  of  (V).  The 
chlorine  atom  in  the  para-position  to  the  ethyicneimino  group  is  then  replaced  by  a  second  ethyleneimino  group 
witli  formation  of  (VI).  Reaction  of  cthylenciminotrichloroquinone  with  morpholine  likewise  goes  in  two  steps, 
but  in  another  direction.  At  first  the  morpholine  residue  replaces  the  chlorine  in  the  para-position  to  the  ethyl¬ 
eneimino  group  of  the  quinone  with  formation  of  (VII),  Then  the  second  morpholine  molecule  displaces  the 
ethyleneimino  residue  with  formation  of  (VUI),  Acceleration  of  the  second  step  requires  an  excess  of  morpholine 
or  heating  of  the  reaction  mixture.  Interaction  of  (V)  with  cyclohexylamine  under  the  conditions  described  goes 
simultaneously  in  both  directions,  A  cyclohexylamine  residue  replaces  the  chlorine  in  the  para-position  to  the 
ethyleneimino  group  of  the  quinone  with  formation  of  (IX ).  At  the  same  time,  a  cyclohexylamine  residue  replaces 
the  ethyicneimino  group  with  formation  of  (X),  In  both  cases,  a  second  molecule  of  cyclohexylamine  then  enters 
into  reaction  and  the  symmetrical  quinone  (XI)  is  formed.  Consequently,  all  of  the  reactions  that  we  studied 
proceed  in  two  steps,  but  in  different  directions,  depending  on  the  nature  of  the  substituents  in  the  quinone  mole¬ 
cule  and  on  the  properties  of  the  starting  amine. 


EXPERIMENTAL 

Monocthoxytrichloro-1.4-bcnzoquinone  (n).  A  suspension  of  1  g  of  finely  pulverized  chloranil  in  a  mix¬ 
ture  of  15  ml  of  ethanol  and  0.3  ml  of  triethylamine  was  heated  on  a  water  bath  (80*)  for  15  min.  The  greater 
part  of  the  quinone  went  into  solution  (dark  green  in  color).  The  liquid  was  filtered  off  from  unreacted  chloranil 
and  the  filtrate  evaporated  to  dryness  in  vacuo.  The  residue  was  extracted  with  ligroine  from  which  0,4  g  of  pre¬ 
cipitate  came  down,  M.p,  98-99*  (from  alcohol).  Yellow-orange  flakes. 

Found  ‘7o:  C  37.76;  H  1.94;  Cl  41.53,  CgHgOgCla.  Calculated  C  37.60;  H  1.91;  Cl  41.64. 

Insoluble  in  water,  highly  soluble  in  alcohols,  ether,  hexane,  and  other  organic  solvents. 

The  potassium  salt  of  chloranilic  acid  came  down  as  dark-red  prisms  when  potassium  hydroxide  solution 
was  added  to  monoethoxytrichlorobenzoquinone.  Addition  of  aqueous  1:1  hydrochloric  acid  to  the  aqueous  solu¬ 
tion  of  the  potassium  salt  led  to  separation  of  chloranilic  acid  (IV )  in  the  form  of  light-red ,  lustrous  flakes.  M.p. 
280-281*  (decomp.). 

Monoethoxytrichlorohydroquinone  (III).  To  a  gently  heated  suspension  of  ethoxytrichloroquinone  in  water 
was  added  sodium  hydrosulfite  until  a  colorless  precipitate  formed.  The  mixture  was  extracted  with  ether.  After 
the  ethereal  solution  had  been  dried,  it  was  evaporated  to  dryness  and  the  residue  recrystallized.  M4).  127-128* 
(from  1:1  alcohol- water). 
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Found  ^o;  C  37.10;  H  3.03.  CjHjOjClj.  Calculated  %  C  37;31;  H  2.74. 

Monocthyleiicirninotricli!ofO-1.4-bciizoqiilnonc  (V).  To  a  solution  of  0.2  g  of  monoctboxyirichloroqulnoue 
in  40  ml  of  alcoliol  (cooled  with  iced  water)  was  added  0.04  ml  of  ethylencimine.  The  solution  turned  dark  red. 
After  about  a  minute,  a  solid  came  down  and  was  quickly  filtered.  Yield  0.15  g  Lustrous,  dark-cherry 

plates.  M.p.  185-186“  (from  alcohol). 

Found  1<r.  C  37.87;  II  1.70;  N  5.37;  Cl  41.87.  CgUp^KClj.  Calculated  C  38.05;  II  1.60;  N  5.54; 

Cl  42.14. 

Crystals  continued  to  coinc  down  i’rom  tlie  filtrate,  at  first  as  a  mixture  of  eihylenelminotrichloroquinone 
(V)  with  a  little  of  the  vety  much  less  soluble  2,5-uIchloro-3 ,6-dicthylenciir.inobcnzoquinone  (VI)  [2],  and  later 
as  a  mixture  whose  predominant  coiiipcncnt  was  (VI),  and,  finally,  as  pure  (VI), 

Reaction  of  monocthylcneiminotrichlororiuinone  (V)  with  morpholine,  a)  To  a  suspension  of  0.1  g  of  (V) 
in  25  ml  of  methanol  was  addcil  0.03  ml  of  morplioline.  The  color  of  the  solution  changed  from  red  to  dark 
cherry,  and  the  precipitate  gradually  di'appcared.  Tlte  reaction  mixture  was  left  overnight  at  room  temperature. 
The  resulting  dark-green  precipitate  of(VJl)(0.04  g)  was  filtered  off.  Evaporation  of  the  solution  to  a  small  volume 
led  to  separation  of  another  0.04  g  of  (VII).  Total  yield  0.08  g  (70"/o).  Dark-green  plates,  M.p.  143-144*  (from 
alcohol). 

Found  %  C  47.47;  H  4.28;  N  9.35.  Cj2Hi203N2Cl2.  Calculated  '^cr.  C  47.53;  H  4.02;  N  9.24. 

b)  To  a  suspension  of  0.1  g  of  (V)  in  20  ml  of  methanol  was  added  0.2  ml  (5  mole)  of  morpholine  and  0.05 
ml  of  tricthylamine.  The  color  changed  to  dark  cherry.  After  25  min,  a  lustrous,  dark-green  precipitate  of  2,5- 
dichloro-3-ethylcncimino-O-morpholinobenzoquinonc  (VII)  came  down.  Yield  0.08  g  (70*70).  The  evaporated 
and  cooled  filtrate  deposited  0.02  g  of  (VlII)  in  the  form  of  a  yellow-brown  precipitate, 

Lustrciis,  yellow-brown  plates.  M.p.  202-203’  (from  alcohol).  A  mixture  with  2,5-dichloro-3,6-dimorpho- 
Hnobenzociuinone  obtained  from  chlcranil  and  morpholine  [6]  melted  unchanged. 

Heating  of  0.1  g  of  (VlO  with  3  ml  of  methanol  atid  0.1  ml  of  morpholine  to  the  boil  for  an  hour  gave 
2,5-dichloro-3,6-dimorpholiPobcnzoquinone,  Yield  0.09  g  (70'’/o).’ 

The  same  result  was  obtained  when  cthyleneiminotrichloroquinone  (V)  was  heated  with  excess  of  morpholine, 

Re^tJon  ofj^imnoeHiylejicimumtrichlorobermoquinonc  (V)  with  cyclohexylamine.  A  solution  of  0.1  g  of  (V) 
in  75  ml  of  methanol,  0.05  ml  of  cyclohexylamine,  and  0.05  ml  of  trietliylaminc  was  stood  for  24  lir  in  a  re¬ 
frigerator.  A  pink  precipitate  formed.  Yield  0.04  g.  No  melting-point  depression  in  a  mixed-melting  test  with 
authentic  2,5-dichloro-3,0-dicyclohcxylanunobeni;oq!!inonc  (XT)  [7J.  The  filtrate  was  evaporated  to  dryness  in 
vacuo.  Fractional  crystallization  of  the  residue  from  alcoliol  gave  0.03  g  of  2,5-dichloro-3-cthylencimino-6- 
-cycloliexylanuno-l,4“beuxoqiiinonc  (IX )  in  the  form  of  lustrous,  yellow-brown  ])lates;  m.p.  135-186*. 

Found  7^.  C  53,01;  II  4.84,  Ci^Hi.^t^N^CU,  Calculated  C  53.33;  II  5.12. 

The  next  crop  of  crystals  was  0.02  g  of  trichlorccyclohexylamino-l,4-bcnzoquinone  (X)  in  the  form  of  dark- 
cherry  prisms;  m.p.  125-126*. 

Found  *7^^  C  46.31;  H  3.66.  C12H12O2NCI3.  Calculated  C  46.69;  H  3.92. 

Addition  of  cycloliexylamine  at  room  temperature  to  an  alcoholic  solution  of  (IX)  or  (X)  gave  2,5-dichloro- 
-3,6-dicyclohexylamino-l,4-bcnzoquinone  (XI), 


SUMMARY 

1.  It  was  established  that  reaction  of  chloranil  with  alcohol  in  presence  of  tricthylamine  gave  inonocihoxy- 
trichloro- 1 ,4-benzoquinone. 

2.  Reaction  of  monccthoxytrichloro-l,4-benzoquinonc  witli  ethyleneimine  gave  monocthyleneiminotrl- 
chloro-l,4-benzoquinone  and  2,5-dicthylcneimino-3 ,6-dichloro-l,4-benzoquinone, 

3.  Reaction  of  monoethylcneiminotrichloro-l,4-bcn2oquiuone  with  morpholine  gave  2,5-dichloro-3- 
-ethylencimino- 6- morpholine- 1,4-bcnzoqihnone  and  2,5-dichloro-3,6-dimorpholino-l ,4-benzoqninone. 
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4.  Reaction  of  monoethyleneiminotrichloro-l,4-benzoquinone  with  cyclohexylamlne  gave  2,5-dichlorO' 
-3-ethyleneimino-6-cyclohexylamino-l,4-bcnzoquinone,  trichlorocyclohexylamino-l,4-benzoquinone,  and 
2,5-dichloro-3,6“dIcyclohexylamino-l,4-benzoquinone, 
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The  recently  described  2-mcthyl-(6-bcnzotluazolyl)- ,  2-methyl-(5-benzothiazolyl)-,and  2-methylmer- 
capto-(6-bcnzothiazolyl)-hydrazines*  *  were  used  in  the  present  work  for  synthesis  of  new  bcnzothiazolylpyra- 
zolones  (I-III),  which  can  be  utilized  for  the  preparation  of  various  polymethine  dyes.  It  was  also  a  matter  of 
interest  to  Investigate  the  antitubercular  properties  of  benzothiazolylpyrazolones. 
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The  2-mcthyl-(6-bcnzothiazolyl)-  and  2-mcthyl-(5-benzothiazolyl)-hydrazlnes  needed  for  the  work  are 
unstable  and  were  therefore  prepared  in  the  form  of  their  hydrochlorides. from  which  the  bases  were  liberated  as 
needed.  2-Methylmcrcapto-(6-benzothiazolyl)-hydrazine  can  be  kept  for  a  considerable  time,  even  in  the  form 
of  the  base.  Benzothiazolylpyrazolones  were  synthesized  by  condensation  of  the  hydrazines  with  ethyl  acetoace- 
tate.  Performance  of  the  condensation  without  heating  leads  to  formation  of  benzothiazolylhydrazones  of  ethyl 
acetoacctate,  which  split  off  alcohol  when  melted  and  are  converted  to  pyrazolones.  For  preparation  of  the  latter, 
a  mixture  of  benzothiazolylhydrazine  and  ethyl  acetoacetate  was  heated  to  130-135*  in  order  to  eliminate  the 
water  and  alcohol  formed  by  the  condensation.  Benzothiazolylpyrazolones  are  obtained  in  yields  of  80-90*70*,  they 
are  easily  purified  by  precipitation  from  alkali  solution  and  by  crystallization.  They  are  colorless,  crystalline 
substances  of  amphoteric  character;  addition  of  ferric  chloride  to  their  aqueous  alcoholic  solution  imparts  a  brown- 
red  color  which  quickly  disappears. 

Benzothiazolylpyrazolones,  in  particular,  compound  (I),  possess  slight  antitubercular  activity. 


•Original  Russian  pagination.  See  C.B.  translation. 
•  *  See  Zhur.  Obshch,  Khim,  26,  797  (1956). 


1590 


The  active  methylene  group  of  the  pyrazolone  ring  of  bcnzothiazolylpyrazoloncs  enables  them  to  enter 
into  various  condensation  reactions,  for  example  with  aldehydes,  p-nilrosodimethylaniline,  diphenylformamidlnc, 
and  2-(w-acetanilidovinyl)-bcnzoihiazole  cthoiodide.  With  the  last-named  compound,  in  a  medium  of  pyridine, 
benzotliiazolylpyrazoloncs  form  dyes  —  diniethinemerocyanines  (IV- VI). 


N\ 

I  N-M 


(IV)  R  =  2-methyl-C-bcnzothiazolyl-; 

(V)  R  =  2-methylmeicapto-G-benzothiazolyl; 

(VI)  R  =  2-rneth/l-5-benzolhiazolyl-; 

(VII)  R- phenyl-. 


=N^ 


C-CII, 


COCII;, 


(vni) 


A  secondary  product  accompanying  the  merocyanincs  in  each  case  is  the  known  symmetrical  cyanine  dye, 
bis-(3-ethyl-2-benzothiazoloXrimeiluuecyaninc  iodide,  as  well  as  various  yello'.;  suhstnuces  of  unknown  structure. 
The  merocyanincs  arc  easily  purified  from  these  admixtures  by  chromatography.  By  this  teclinlque  the  yellow 
substances  can  be  separated  in  crystalline  form.  The  latter  are  formed  both  when  equimolar  quantities  of  benzo- 
thiazolylpyrazolone  and  2-(w-acetani!idovinyl)-bcnzothIazcle  ethoiedide  arc  used,  and  when  the  former  Is  in 
excess.  They  arc  products  of  a  reaction  proceeding  side  by  side  with  formation  of  the  merocyanine,  and  evidently 
associated  with  traiisformation  of  2-(w-acetanilidovinyl)-benzothiazolc  into  a  symmetrical  thiacarbocyanine.  We 
consider  that  the  yellow  substance  obtained  by  condensation  of  (III)  with  2-(w-acetanilidovinyl)-benzothiazolc 
cthoiodide,  with  m.p.  270*  and  dl5  m|i ,  possesses  the  structure  of  (VIII), 

The  other  two  yellow  substances  separated  in  the  synthesis  of  merocyanincs  (V)  and  (VI)  must  have  analo¬ 
gous  structures, 

Merocyanincs  (IV-VI)  arc  easily  decolorized  by  hydrochloric  acid.  On  heating  with  dimethyl  sulfate  they 
form  salts  (possessing  an  active  methyl  group), which  can  be  used  for  preparation  of  complex  polymethine  dyes. 


EXPERIMENTAL 

Hydrochlorides  of  bcnzothiazolylhydrazines.  Unpurified  2-methyl-(6-bcnzothiazolyl)-hydrazi?ie,  prepared 
from  9.84  g  of  2-mcthyl-G-aminobcnzothiazole,*  was  dissolved  in  50  ml  of  dilute  (1;2)  HCl,  thrice  decolorized 
with  carbon  at  50*,  and  heated  in  a  porcelain  dish  on  a  v/ater  bath  until  nearly  the  whole  of  tlie  liquid  had  evap¬ 
orated  and  a  clot  of  viscous  mass  had  formed.  To  tlie  residue  was  added  25  ml  of  anhydrous  alcohol,  and  the 
salt  was  thoroughly  triturated  with  the  alcohol,  filtered,  and  washed  v.'iih  ether.  Yield  of  salt  8,0  g;  pinkish-white 
crystals  with  m.p,  232*  (dccomp.).  The  salt  (G  g)  was  dissolved  in  water  (40  ml)  and  25‘7o  ammonia  (10  ml)  was 
stirred  in  quickly.  After  the  mixture  had  been  cooled  in  ice,  the  precipitate  vras  filtered,  w’ashcd  with  water, 
thoroughly  suction  filiered,  and  crystallized  from  100  ml  of  xylene,  A  layer  of  water  formed  and  was  separated 
in  a  previously  heated  funnel,  'lire  transparent,  yellow  xylene  solution  was  cooled  with  water,  and  the  precipi¬ 
tate  was  filtered  and  washed  with  ligroine.  Yield  3.5  g;  yellowish-white  needles  with  m.p,  148*.  The  free  base 
was  quickly  used  for  synthesis  of  the  pyrazolone, 

2-Methyl-(5-bcnzothiazolyl)-hydrazino  hydrochloride  v/as  similarly  prepared,  M.p,  240*  (dccomp,).  The 
hydrazine  base  .precipitated  by  ammonia  from  6  g  of  salt  atid  washed  with  water,  crystallized.  The  separated 
hydrazine  base  was  filtered  off  and  washed  with  a  small  quantity  of  cooled  alcohol.  Yield  3,5-3,6  g;  m.p,  158* 
(from  alcohol).  Unlike  the  preceding  base,  it  can  be  kept  for  1-2  days, 

(2- Methyl- G-benzothiazolyl)-hydrazonc  of  ethyl  acetoacetate.  To  0,9  g  (0.005  mole)  of  (2-methylbenzo- 
thiazolyO-hydrazine  was  added  0.65  g  (0.005  mole)  of  ethyl  acetoacetate  with  stirring.  Slight  heat  was  de¬ 
veloped,  The  viscous,  oily  liquid  was  stood  for  15  hr  and  then  triturated  v/ith  cxccss-of  ligroiiic,  filtered,  and 
washed  on  the  filter  with  the  same  solvent.  Yield  0,9  g  (Th'l^O;  colorless  needles  with  m.p,  95-98*  (dccomp.) 
(from  ligroine  with  b.p.  100-120*), 

Found  ‘Te  N  14.26,  14.29;  S  11.07,  11.23.  Ci^HijaNsS.  Calculated  N  14.13;  S  11.00, 

No  coloration  in  aqueous  alcoliolic  solution  with  FeCl3,  At  140-160*  it  changes  into  a  product  identical 
with  benzothiazolylpyrazolone, 

*Zhur.  Obshch.  Khim.  26,  797  (1956). 
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Hydrazones  are  similarly  formed  from  the  other  benzothiazolylhydrazines  and  ethyl  acetoacetate. 

l-(2*-Methyl-6*-benzothiazolyl)-3-methyl-5-pyrazolone  (I),  3,0  g  (0,152  mole)  of  (2- methyl- 6-benzo- 
thiazolyD-hydrazine  (recrystallized  from  xylene)  was  stirred  with  2,05  g  (0,0158  mole)  of  freshly  distilled  ethyl 
acetoacctate.  The  temperature  of  the  mixture  rose  to  45-50*.  The  temperature  was  raised  to  130-135*,  and  the 
mixture  stirred  for  25  min.  The  alcohol  and  water  were  gradually  boiled  off  from  the  transparent  yellow  liquid. 
Removal  of  the  alcohol  was  accompanied  by  frothing,  which  ceased  toward  the  close  of  heating;  at  this  stage  the 
mass  usually  solidified.  The  solid  product  was  crushed  to  powder,  mixed  with  dry  ether,  filtered,  and  washed  with 
ether.  Yield  3,4  g  (9l,2‘7(’);  pale-yellow  crystals, 

A  solution  of  20  g  of  crude  pyrazolone  in  200  ml  of  2,5'7n  NaOH  solution  was  prepared  at  50*;  the  hot  solu¬ 
tion  was  filtered  at  50*  and  treated  three  times  with  carbon  at  the  same  temperature.  The  filtrate  was  cooled  in 
iced  water. and  dilute  llCl  (1:3)  was  gradually  added  until  the  mixture  had  a  pH  of  5,  The  precipitate  was  filtered, 
washed  with  water,  and  crystallized  from  100  ml  of  methanol.  The  mother  liquor  was  decolorized  with  carbon. 
The  filtrate  was  cooled  in  ice,  and  the  finely  crystalline,  colorless  precipitate  was  filtered  and  washed  with  dry 
ether.  Yield  14  g  of  (I)  with  m.p,  175*  (from  methanol). 

Found  %  N  16,97,  16,91,  CjaHnONaS,  Calculated  %  N  17.14. 

The  amphoteric  product  is  soluble  in  dilute  HCl,  soluble  in  benzene  and  many  other  organic  solvents,  In¬ 
soluble  in  ligroine.  The  aqueous  alcoholic  solution  turns  brown-red  when  FeCl3  solution  is  added;  the  color 
gradually  disappears.  Excess  of  FeCls  leads  to  separation  of  a  light-colored  precipitate. 

Boiling  of  a  solution  of  equimolar  amounts  of  benzaldehyde  and  (I)  in  pyridine  for  30  min  led  to  formation 
of  the  benzylidene  derivative  which  came  down  on  addition  of  water;  fine,  reddish- orange  crystals  with  m.p, 

156*  (from  methanol). 

Found  liK  N  12.60,  12.71.  CuHisONaS.  Calculated  %  S  8.49. 

Heating  of  c(;uimolar  quantities  of  p-nitrosodimethylaniline  and  (I)  in  pyridine  for  1,5  hr  (paraffin  wax 
bath  at  110“)  gave  a  violet-red  dye  —  l-(2'-methyl-6'-benzothiazolyl)-3-methyl-4-(p-dimethylaminophenyl- 
lmino)-5-pyrazolone  —  which  was  precipitated  by  water,  and  purified  by  chromatography  on  AI2O3  from  CHCls, 
and  by  crystallization  from  xylene.  Yield  40'’/(>.  Fine,  violet  crystals  with  m.p,  243*,  Xi^^ax  ^26  mp  (in  alcohol). 

Found ‘7o:  5  8.33,8.22.  CjoHisONsS.  Calculated ‘7n;  5  8.49. 

l-(2*-Methyl-5*-benzothiazolyl)-3- methyl- 5- pyrazolone  (111),  2,96  g  of  freshly  prepared  (2-methyl-5- 
-bcnzotliiazolyD-hydrazine  was  similarly  condensed  with  2,05  g  (2  ml)  of  ethyl  acetoacctate.  Yield  3,2  g.  The 
pyrazolone  was  precipitated  by  dilute  HCl  from  its  cooled  alkaline  solution  in  the  form  of  a  viscous  oil  which 
gradually  solidified.  The  precipitate  was  crystallized  from  450  ml  of  methanol;  the  mother  liquor  was  twice  de¬ 
colorized  with  carbon  (2,5  g  each  time),  and  the  filtrate  was  cooled  in  ice.  The  precipitate  was  washed  with  dry 
ether.  Colorless  crystals  with  m.p.  194*  (from  alcohol). 

Founds  N  16.93.  16,83.  CJ2H11ON3S.  Calculated  N  17.14. 

The  product  gave  a  brown-red  coloration  with  FeCl3  in  aqueous  alcoholic  solution. 

Benzylidene  derivative:  reddish-orange  crystals  with  m.p.  164*  (from  methanol). 

Found  %  N  12.44,  12.23.  CjjHisONsS.  Calculated  %  N  12.61. 

Boiling  of  a  mixture  of  1.47  g  (0,0075  mole)  of  diphenylformamidine,  1,86  g  (0,0075  mole)  of  (in),  and 
6  ml  of  dry  pyridine  for  45  min  gave  l-(2'-methyl-5’-bcnzothiazolo)-3-methyl-4-(phenylaminomethylene)-5- 
-pyrazolone,  which  came  out  on  addition  of  an  equal  amount  of  water  to  the  hot  solution.  Yield  2,6  g  (nearly 
theoretical).  Light-yellow  needles  with  m.p,  214*  (from  benzene). 

Found  8  9.11,  9.09.  CaHi60N4S.  Calculated  S  9  J9. 

l-(2'- Methyl- 6*- mcrcaptobcnzothiazolyl)-3-mcthyl-5- pyrazolone  (n).  Synthesized  from  3,2  g  of  (2- 
-methyl-6-mercaptobenzothiazolyl)-hydrazine  and  1,95  g  of  ethyl  acetoacetate.  Yield  3.3  g  (79%).  Pyrazolone 
(ID  was  purified  by  precipitation  with  dilute  (1:3)  HCl  from  solution  in  65  ml  of  5%  NaOH  solution,  and  crystal¬ 
lized  from  100  ml  of  methanol  in  presence  of  carbon.  Colorless  crystals  with  m.p,  187*, 
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Found  N  14.87,  14.77.  C12H11ON3S2.  Calculated  %  N  14.81. 

Benzylidcne  derivative:  small,  orange-red  needles  with  m.p.  171*  (from  methanol). 

Found  °lo-.  N  11.42,  11.36.  CioHisOK’aSz.  Calculated  N  11.51. 

l-(2*-Mcthyl-6*-bcn^othiazolyl)-3-mcthyl-4-(3**-ethylbenzothiazolinylidene-2*-ethylidene)-5- 
-pyrazolone  (IV).  A  mixture  of  2,75  g  (0.0113  mole)  of  pyrazolone  (I),  3.4  g  (0.0075  mole)  of  2-((t;-acetanllido- 
viiiyD-bcnzothiazole  etboiodide  and  G  ml  of  dry  pyridine  v/as  heated  to  give  a  dark-red  solution  which  was  then 
boiled  for  45  min.  After  3  hr,  the  precipitate  v/as  filtered  and  wasiied  many  times  with  hot  methanol  and  dry 
ellicr.  The  crude  mcrocyaniiie  consisted  of  an  orangc-red,  finely  oryitalline  powder.  Yield  3.0-3.2g.  Excess  of 
dry  ether  was  added  to  the  filtrate  to  b.ing  down  a  pale-violet,  crystalline  precipitate  (1.3  g)  which  was  dissolved 
in  30  ml  of  alcohol.  'I'he  solution  was  stood  for  15  hr.  Blnisli-gray  crystals  with  a  metallic  luster  came  out 
(0.15  g)  and  were  filtered  and  washed  with  alcohol;  alcohol),  identical  with  the  of  the 

symmetrical  cyanine  dye  3 ,3’-diethyItliiacarbocyaninc  iodide;  the  two  dyes  also  possess  identical  light-absorp¬ 
tion  curves.  Tlic  alcoholic  solution  remaining  after  crystallization  of  the  thiacarbocyanine  was  decolorized  with 
carbon  and  mixed  with  excess  of  dry  ether.  The  prccipitati.d  white  crystals  consisted  of  a  substance  (0.7  g)  with 
m.p.  146-147*  [a  mixture  with  (2- incthyl-6-benzothiazolyl)- hydrazine  melted  at  the  same  temperature].  The 
mcrocyanine  was  dissolved  in  CHCI3  and  chromatographed  on  AI2O3  to  form  two  clearly  demarcated  zones;  The 
lower,  red  zone  contained  the  synthesized  dye  (IV);  the  upper,  yclio',/  zone  contained  Impurity.  Tlirce  zoi:cs 
were  obtained  if  the  crude  mcrocyanine,  prior  to  chromatographic  treatment,  was  inadequately  washed  with  warm 
methanol;  in  tins  event,  the  topm.ost  zone  (violet-rcd)  contained  the  symmetrical  thiacarbocyanine.  Dye  (IV) 
was  eluted  with  CIICI3,  and  the  yellow  zone  was  transferred  to  a  fresh  adsorption  column  and  eluted  with  a  4:1 
mixture  of  CIICI3  and  alcohol.  'Flic  solvents  were  completely  removed  from  the  cluates  to  leave  1.96  g  (40,l‘7o) 
of  red  dye  (IV)  and  0.45  g  of  a  yellow,  finely  ciystallinc  substance.  (IV)  was  in  the  form  of  luacoois.  red  scales 
with  m.p.  245*  (from  xylene)  *  and  492  m/'i  (in  alcohol). 

Found  ‘/I-.  N  13.14,  13.13.  C23n2oON.jS2.  Calculated  N  12,96. 

After  further  chromatographic  treatment  and  crystallization,  the  yellow  substance  had  m.p,  275*  (from 
benzene),  and  Xjj^a^  alcoliol), 

l-(2’-Mcthyl-5*-bcnzothiazolyl)-3-methyl-4-(3’'-ethy!bcnzothiazolinylidcnc-2"-ethylidcjie)25-pyrazol- 
one  (Vl),  A  mixture  of  1.1  g  of  pyrazolone  (III),  1,35  g  of  2-(  w-acctanilidovinyl)-bcnzothiazolc  ethoiodlde, 
and  3  ml  of  dry  pyridine  was  heated  for  20  min  at  120*  with  periodic  stirring.  To  the  cooled  reaction  products 
was  added  5  ml  of  metlinnol;  the  mcrocyanine  was  filtered,  mixed  with  10  ml  of  hot  alcohol,  again  filtered,  and 
washed  on  the  filter  with  alcohol  until  the  violet-rod  filtrate  (containing  a  trace  of  symmetrical  thiacarbocya¬ 
nine)  became  brown-orange;  washing  could  be  accelerated  if  stirring  of  the  dye  witll  hot  alcohol  and  washing 
witli  dry  ether  were  repeated.  Yield  1,35  g.  From  the  filtrate  could  be  separated,  with  the  help  of  dry  ether, 
symmetrical  thiacarbocyanine  with  Xj^^j.  559  inji  and  a  small  quantity  of  unrcactcd  pyrazolone  (111). 

The  mcrocyanine  was  dissolved  in  250  ml  of  CIICI3  and  cliromatographed  on  AI2O3.  The  operation  led  to 
formation  of  three  zones; The.  top  one  contained  symmetrical  tliiacarbocyanine  with  X,i-,ax  middle 

one  a  yellow  impurity,  and  the  bottom  one  mcrocyanine  (VI).  From  the  middle  zone  was  isolated  0.15  g  of 
(Vill);  fine,  orange-yellow  crystals  with  m.p.  270*  (from  benzene),  and  X^^^^  alcohol). 

Found  %  N  14.60,  14.41.  C2iHi302N4S.  Calculated  7-^  N  14.35. 

From  the  bottom  zone  was  obtained  0,95  g  (7370  of  mcrocyanine  (VI);  fine,  red  crystals  with  m.p,  286* 
(from  xylene)  and  Xj^j^x  492  m|t  (in  alcohol). 

Found  7o:  N  12.90,  12.77.  C23H2oON.tS2.  Calculated  7:  N  12.96. 

l-(2*-Mcthyl-6*-mcicaptohcnzothiazoIyl)-3-methyl-4-(3"-ethylbenzotIuazo!fnylideiie-2*-ethylidene)- 
-5-pyrazoloue  (V).  A  mixture  of  0.83  g  of  pyrazolone  (11),  0.9  g  of  2-(w-ncetanllidovinyl)-bcnzothi3zole  etho- 
iodide,  and  2  ml  of  dry  pyridine  was  heated  with  gentle  boiling  for  25  min.  After  1,5  hr,  20  ml  of  alcohol  was 


•During  melting-point  dcrerminations  on  the  dyes,  the  capillary  was  put  into  a  salt  bath  witlt  a  temperature  of 

200-220*. 
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added.  The  merocyanine  was  filtered,  washed,  purified  by  chromatography,  and  recrystallized;  light-red.  fine 
needles  with  m,p.  207*  (from  xylene)  and  X.[j,ax  alcohol). 

Found  S  20.57,  20.47.  C23H20ON4SJ.  Calculated  S  20.68. 

During  chromatographic  purification  of  merocyanine  (V),  there  was  isolated,  apart  from  the  symmetrical 
thiacarbocyanine,  a  yellow  crystalline  substance  with  m.p.  263*  and  ^^8  wfi  (in  alcohol). 

l-Phenyl-3-methyl-4-(3'-ethylbenzothiazolinylidene-2*-ethylldene)-5  pyrazolone  (VII).  Merocyanine 
(VII)  was  similarly  synthesized  for  comparison  of  its  properties  with  those  of  merocyanines  (IV-VI).  The  sym¬ 
metrical  tliiacarbocyanine  and  a  yellow  impurity  were  again  detected  during  chromatographic  purification;  (VII) 
has  m.p.  211*  (from  xylene)  and  X  alcohol). 

Found ‘yc-.  N  11.53,  11.34.  C2iHi30N3S.  Calculated  ^o:  N  11.63. 

SUMMARY 

Condensation  of  benzothiazolylhydrazines  with  ethyl  acetoacetate  gave  the  previously  undescribed  benzo- 
thiazolylpyrazolones:  l-(2*-methyl-6’-benzothiazolyl)-,  l-(2*-5'-mcthylbenzothiazolyl)- ,  and  l-(2*-methyl- 
-6’-mercaptobenzothiazolyl)-3-methyl-5-pyrazolones.  The  properties  of  these  compounds  and  their  derivatives 
are  described. 
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Syntheses  of  organic  compounds  labeled  with  the  heavy  nitrogen  isotope  start  from  a  series  of  inorganic 
salts  containing  N^^  ammonium  salts,  nitrates,  nitrites,  etc.  The  presence  of  N^®  in  these  common  compounds 
makes  them  extremely  expensive,  and  therefore  the  usual  methods  of  synthesis,  which  do  not  allow  for  the  expense 
involved,  often  become  unsuitable.  In  this  paper,  we  describe  convenient  methods  of  synthesis  of  typical  aromatic 
nitrogen  compounds,* 

N^^-Benzamide 

Of  the  methods  of  preparation  of  N^^-benzamide  described  in  the  literature,  the  best  results  are  obtained 
by  the  method  of  Swan  and  Kelly [2],  in  which  regeneration  of  ammonium  chloride  is  omitted  and  the  yields  of 
benzamide  approximate  to  theoretical.  Of  the  three  solvents  tried  (chloroform  [2],  dichloroethane,  and  benzene), 
the  best  yield  and  quality  of  benzamide  were  obtained  with  benzene.  The  experimental  technique  is  simplified 
with  benzene  because  benzamide  is  very  sparingly  soluble  in  it,**  and  the  solvent  does  not  need  to  be  distilled 
off. 

The  procedure  was  as  follows,  A  2- liter  ,two- necked  .round-bottomed  flask  fitted  with  a  stirrer  was  charged 
with  an  ice-cooled  solution  of  12.8  g  (0,160  mole)  of  N*^4N03  (or  the  equivalent  quantity  of  another  ammonium 
salt)  in  80  ml  of  water.  The  solution  was  covered  with  a  thin  (1-2  mm)  layer  of  benzene  and  a  cooled  solution 

*  Some  of  the  syntheses  described  here  have  been  briefly  reported  in  [1], 

*  *  We  determined  the  solubility  of  benzamide  in  benzene  and  obtained  a  value  approaching  0,14  g  in  100  ml  of 
benzene  at  20*. 
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of  13.5?,  g  (0.333  mole)  of  sodium  liydroxide  in  CO  ml  of  water  was  introduced  below  the  surface  of  the  benzene 
through  a  funnel  witli  a  long  end.  Rapid  addition  was  then  made  of  a  solution  of  22,3  g  (13,4  ml  or  0.159  mole) 
of  benzoyl  chloride*  in  COO  ml  of  benzene;  the  mouth  of  the  flask  was  tightly  closed,  and  the  contents  vigorously 
stirred  for  1-1.5  hr  at  room  temperature  (until  the  odor  of  benzoyl  chloride  had  disappeared).  The  flask  was 
cooled  with  icc,  and  botli  solutions  —  aqueous  and  benzene  —  were  filtered  together  through  a  Buchner  funnel.  The 
precipitate  was  washed  twice  with  pure,  cooled  benzene,  pressed,  and  dried  in  a  drying  cupboard  at  35-90*.  The 
filtrate  was  separated  into  its  coniponents  in  a  separating  funnel,  Th.c  benzene  solution  could  be  used  for  subse¬ 
quent  syntheses.  The  atiucoiis  layi  r  was  treated  5-6  times  with  small  portions  of  chloroform  for  c.xiraction  of  the 
M'^-benzamide.  The  chlorofotm  extract  was  dried  with  aul’.ydrotis  sodium  suifate.  The  solvent  was  taken  off  on 
a  water  bath,  and  the  dry  residue  added  to  the  main  mass  of  N’^-beiizamidc.  Yield  13-18.5  g  (OO-OG”.’).  The 
melting  point  of  the  iinrccrystallizeJ  product  was  not  lower  tlian  126*.  This  purity  is  adequate  for  the  majority 
of  organic  syntheses.*  * 

For  utilization  of  the  heavy  nitrogen,  the  aqueous  layer  from  the  extraction  was  made  alkaline  with  4-5  g 
of  sodium  hydroxide,  and  the  ammonia  distilled  into  a  receiver  containing  12  ml  of  1  N  hy<lrochloric  acid, 
Fvaporation  of  the  distillate  yielded  0.2-n.5  g  of  ammonium  chloride.  Taking  this  recovery  into  account,  the 
product  yield  was  97-99'yo. 

^  “  Al*  U  ij)  ?. 

Hofmann  rearrangement  of  benzamide  for  preparation  of  aniline  has  not  been  adequately  studied  [3],  Prepa¬ 
ration  of  the  intermediate  product  —  N-bromo-  or  N-clilorobenzamidc  —  in  a  yield  of  up  to  OS^ohas  been  de¬ 
scribed  [4],  On  the  basis  of  these  incomplete  data,  we  developed  the  Hofmann  preparation  of  aniline  without 
isolation  of  N-hromobenzamide, 

Into  a  0.5-litcr  round-bottomed  flask  fitted  with  stirrer  were  charged  20  g  of  sodium  hydroxide  in  190  ml 
of  water.  TIjc  solution  was  cooled  with  iced  water,  and  11  ml  of  biomine  was  run  in  with  vigorous  stirring  in  the 
course  of  20-25  min.  To  the  cooled  and  stirred  solution  was  then  added  portionwise  (in  the. course  of  8-10  min), 

20  g  of  finely  pulverized  H’^-benzamide.  Tlie  solution  was  kept  in  icc  for  20-30  min,***  and  transferred  to  a 
steam-distillation  flask;  after  addition  of  11.4  g  of  sodium  hydroxide  in  31  ml  of  water,  the  solution  was  refluxed 
for  10-50  min  on  a  boiling  water  bath.  The  condenser  was  then  replaced  by  a  tube  with  a  ground-glass  connec¬ 
tion,  and  the  aniline  was  steam  distilled.  Tb.e  resitliic  in  the  flask  was  acidified  with  hydrochloric  acid  imtil  It 
contained  5*7  of  HCl,  boiled  for  15  iniii,  and  again  made  alkaline.  The  aniline  was  steam  distilled.  Tlie  two 
distillates  were  combined.  The  aniline  was  extracted  witli  ether  (peroxide- free)  and  dried  with  solid  sodium  sul¬ 
fate.  The  ether  was  taken  off  in  the  vacuum  of  a  watcr-jet  pump  with  gentle  heating  on  a  water  bath.  Yield 
13.013.1  g(3 4-87'’/o),  Refractive  index  1.5358-1.5860,  Recovery  of  heavy  nitrogen  was  inexpedient,  since  it  gave 
only  0. 1-0.2  g  of  N^^-ammonitirn  chloride, 

M  '  ®  -  «  -  N  a  p li  t  h y  1  a  111  i  n  c 

The  most  convenient  method  of  prcpaiarion  of  N'^-ct-naphthylarnine  is  that  of  Calm  [6],  The  reaction  goes 
in  one  step  if  wc  exclude  the  hydrolysis  of  the  acetylene  derivative  performed  during  separation  of  amine.  The 
starting  N'^-ammoniiim  chloride  is  taken  in  large  excess,  but  is  completely  and  easily  regenerated. 

A  mixture  of  7,2  g  of  anhydrous  sodium  acetate  with  3  g  (0.057  mole)  of  N'®-aminonium  chloride  and 
2.4  g  (0.017  mole)  of  ct-naphthol  (well  pulverized  in  a  mortar)  was  charged  into  ampoules  (diameter  25  mm, 
length  250  mm).****  After  addition  of  3  ml  of  glacial  acetic  acid,  the  ampoule  was  sealed  and  heated  for  8  to 
10  lir  at  280*.  After  cooling,  the  ampoule  was  carefully  opened  (care  being  taken  in  view  of  the  residual  pressure), 
the  contents  washed  out  with  the  minimum  quantity  of  water  onto  a  filter,  and  washed  until  the  reaction  for 

*  The  quantity  of  benzoyl  cliloridc  must  be  strictly  maintained  as  here  specified  with  a  dcficicnty  of  0,5-0.770 
Excess  of  benzoyl  chloride  remains  in  the  product  and  cannot  be  eliminated  without  losses  of  the  latter, 

*  *  We  obtained  N^'’-bcnzonitrile  in  about  767o  yield  by  heating  N^^-benzamide  with  a  small  excess  of  phosphorus 
pentoxide  (as  described  in  the  literature  [5],and  in  analogy  with  the  preparation  of  acetonitrile), 

*  *  *  More  prolonged  standing  in  icc  caused  the  color  of  the  solution  to  change  fiom  ycllot/  to  orange,  and  then  to 
brick  red.  The  solution  also  became  very  turbid  and  the  aniline  yield  fell  sharply, 

*  *  *  *  The  walls  of  the  ampoule  must  be  not  less  than  2  inm  thick,  bocniise  pressure  builds  up  during  the  reaction 
and  fracture  is  possible. 
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chloride  ion  was  negative  (filtrate  I),  The  precipitate  was  refluxed  In 
100  ml  of  1,2*70  sodium  hydroxide  solution  for  30  min.  The  flask  was 
cooled  in  ice,  and  the  precipitate  was  filtered  and  washed  2-3  times 
with  iced  water  (filtrate  II),  The  precipitate  was  then  again  refluxed 
with  100  ml  of  6*70  hydrochloric  acid  for  an  hour.  The  hot  solution  was 
filtered  (filtrate  III).  On  the  filter  (washed  with  water)  was  retained 
a  ,a'-dinaphthylamine  and  resinous  impurity.  Filtrate  II  was  treated 
3-4  times  with  ether.  The  extract,  containing  a  little  ot-naphthyl- 
amine,  was  combined  with  filtrate  III. which  was  then  made  alkaline 
with  10  g  of  sodium  hydroxide.  The  ether  was  distilled  off  on  a  water 
bath,  and  then  the  o-naphthylamine  was  steam  distilled.  tx-Naphthyl- 
amine  in  the  distillate  was  extracted  with  ether;  the  extract  was  dried 
with  solid  sodium  hydroxide,  and  the  solvent  was  taken  off  to  leave 
light-yellow  crystals.  Yield  1,5- 1,6  g  (77-82*70,  allowing  for  regenera¬ 
tion  by  method  a  below,  and  90-92*70,  allowing  for  complete  regenera¬ 
tion). 

Regeneration  of  ammonium  chloride,  a)  Filtrate  I  was  trans¬ 
ferred  to  a  flask  and  made  alkaline  with  5  g  of  sodium  hydroxide.  The 
ammonia  was  distilled  off  with  steam  into  a  receiver  containing  3  ml 
of  concentrated  hydrochloric  acid  diluted  with  water.  Completion  of 
distillation  was  detected  by  a  Nessler  test.  Evaporation  of  the  distillate 
left  1,65-1,7  g  of  N^®-ammonium  cliloride, 

b)  The  dinaphthylamine  and  resinous  admixtures  were  worked  up 
by  the  Kjcldahl  method,  and  the  ammonia  distilled  off  from  the  re¬ 
action  mixture  into  hydrochloric  acid.  In  this  way,  a  further  10*1!(»  (ap¬ 
prox.)  of  the  original  heavy  nitrogen  was  recovered, 

N^^-0  -  Naphthylamine 

For  preparation  of  0 -naphthylamine  [6],  an  ampoule  was  charged 
with  1,5  g  (0,01  mole)  of  6-naphthol,  2.4  g  (0,045  mole)  of  N^*-am- 
monium  chloride,  4,1  g  of  anhydrous  sodium  acetate,  and  1,5  ml  of 
glacial  acetic  acid.  The  reaction  mass  was  worked  up  by  the  procedure 
described  for  ot- naphthyl  a  mine  to  give  1,0-1,1  g  of  -naphthyl¬ 
amine  in  the  form  of  light-colored  crystals  with  m.p,  110-113*.  Yield  about  68*70.  with  allowance  for  regeneration 
from  aqueous  solution,  and  about  78*7owith  allowance  for  full  regeneration. 

Regeneration  of  N^^-ammonium  chloride,  a)  Distillation  of  ammonia  from  the  first  aqueous  filtrate  gave 
1,8-1,9  g  of  ammonium  chloride,  which  could  be  directly  employed  for  further  syntheses  of  0 -naphthylamine, 

b)  Synthesis  of  0 -naphthylamine  was  accompanied  by  15- 20*7t>  conversion  to  0  ,0  '-dinaphthylamine  and 
resinous  admixtures.  Kjeldahl  treatment  of  these  secondary  products  led  to  regeneration  of  about  0,1  g  of  am¬ 
monium  chloride,  or  l6-20*7oof  the  original  quantity, 

- Nitrobenzene 

The  most  convenient  synthesis  of  N^- nitrobenzene  is  by  nitration  of  benzene,*  Nitration  of  benzene  with 
a  mixture  of  65*7o  nitric  and  sulfuric  acids  [7]  gave  a  yield  of  nitrobenzene  of  about  58*7o  (on  the  nitric  acid).  High 
yields  of  nitrobenzene  (about  98*7o)  are  possible,  as  shown  by  Kobe  and  Mills  [8],  by  use  of  the  theoretical  quantity 
of  100*7o  nitric  acid.  However,  the  preparation  of  such  an  acid  containing  N^®  is  associated  with  great  difficulties 
and  with  losses  of  heavy  nitrogen. 


Fig,  1,  Influence  of  sulfuric  acid 
concentration  on  yield  of  nitro¬ 
benzene,  Excess  of  sulfuric  acid 
per  mole  of  nitrate:  1)  400  ml; 
2)  300  ml. 


Excess  of  H2SQ4 
(ml/mole  of  nitrate) 

Fig.  2.  Influence  of  quantity  of 
80*7o  sulfuric  acid  on  yield  of  ni¬ 
trobenzene. 


•  A  possible  variant  of  the  preparation  of  nitrobenzene  by  oxidation  of  labeled  aniline  involves  three  steps  with 
an  over- all  yield  of  60-66*7o, 
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V/c  developed  a  method  of  nitration  with  sodium  nitrate  and  sulfuric  acid  which  gave  a  yield  of  up  to  9G‘7o 
(on  the  nitrate).  The  influence  of  temperature  and  of  the  benzene/ sorlium  nitrate  ratio  on  the.  yield  of  product 
was  investigated.  The  influence  of  concentration  and  quantity  of  sulfuric  acid  on  the  yield  of  nitrobenzene  is 
plotted  in  I'igs.  1  and  2.  Qn  the  basis  of  these  data,  we  made  use  of  GOO-inl  excess  of  807o  sulfuric  acid  per  mole 
of  nitrate. 

The  following  are  tlie  details  of  our  metlrod.  Into  a  round-bottomed,  two-necked  flask  (capacity  0.7  liter), 
were  charged  21 .25  g  (0.25  n.olc)  of  thoroughly  pulverized  N^'’-sodium  nitrate  and  56  ml  (0.G2  mole)  of  benzene, 
Witii  lientiiig  on  a  water  bath  to  60-02“  and  good  stirring,  addition  was  ‘made  through  a  dropping  funnel^  in  the 
course  of  1  lir.of  135  ml  of  807.j  su'furic  acid.  T!ic  reactor  was  heated  for  anoUier  hour  at  70-74*.  The  reaction 
mass  was  tun  into  a  porcelain  beaker  (l-liter  cap.acity)  and  carefully  (with  cooling)  diluted  with  200  ml  of  Iced 
water.  The  mixture  was  separated  in  a  separating  funnel;  the  nitrobenzene  layer  was  washed  once  with  water, 
which  was  dun  combined  \atli  ih.e  acid  layer,  and  die  laiter  was  treated  three  times  with  benzene  for  extraction 
of  flic  dissolved  nitrobenzene.  The  extracts  and  die  nitrobenzene  layer  were  placed  in  a  flask  and  nearly  the 
whole  of  the  benzene  was  taken  clf  by  heating  on  a  boiling  water  bath.  The  nitrobenzene  was  thereupon  distilled 
with  steam*  *  and  separated  from  tlic  afiucoiis  layer  in  a  separating  funnel;  the  aqueous  layer  was  worked  up  with 
ether  for  extraction  of  residues  of  nitrobenzene.  The  ethereal  solution  and  the  nitrobenzene  were  combined  and 
dried  with  anhydrous  sodium  sulfate.  The  ether  was  taken  off  on  a  water  bath,***  and  the  benzene  in  the  vacuum 
of  a  water-jet  pump  (approx.  20  mm)  at  50-G0*.  Distillation  was  continued  until  the  required  refractive  index  of 
nitrobenzene  was  obtained  —  not  lower  tiian  n^^’l)  1.5510.  Yield  28-29  g  (91-947o). 

DiiiltroLcnzcnc  crystallized  (in  very  small  amountsinp  to  0.5  g)  from  the  residue  after  steam  distillation. 
Regeneration  of  nitrogen  from  it  would  have  been  pointless. 

Oiir  new  method  is  of  interest  for  nitration  of  other  aromatic  hydrocarbons  with  nitrates,**** 

S  UMMA  RY 

Method,  were  developed  for  the  preparation  of  heavy  nitrogen- labeled  benzamide,  aniline,  a-  and  fl- 
-naplilhylamines  and  nitrobenzene, 
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•The  tip  of  the  funnel  must  reach  the  middle  of  the  flask  in  order  that  the  acid  should  drip  into  the  benzene  and 
not  onto  the  walls  of  the  flask, 

*  *  Steam  distillation  was  continued  only  until  drops  of  nitroK^nzenc  ceased  to  appear  in  the  receiver  (changed 
2-3  times), 

*  *  *  Ltistillation  can  be  speeded  up  by  drawing  a  current  of  air  through  a  capillary  with  the  water- jet  pump, 

*  *  *  ‘According  to  the  literature,  nitration  with  sodium  nitrite  In  presence  of  catalysts  gives  a  yield  of  nitro¬ 
benzene  of  not  more  than  407?  [9 J. 
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In  preceding  papers,  one  of  us  described  a  method  of  preparation  of  6-arylamlnoketones  by  catalytic  con¬ 
densation  of  Schiff  bases  with  fatty-aromatic  ketones  (1st  variant),  or  of  primary  aromatic  amines  with  chalcones 
(2nd  variant)  [1],  The  reaction  mechanism  has  also  been  studied  [2], 

The  present  work  is  a  continuation  of  the  earlier  Investigations,  Starting  components  were  primary  arom¬ 
atic  amines  -  p-ethylanlllne,  p-amlnocymene-  and  a  fatty-aromatic  ketone  (p-methoxyacetophenone).  Using 
two  different  methods,  we  synthesized  seven  6 -arylaminoketones  not  previously  described  in  the  literature.  Aryl- 
aminoketones  (I-VII)  (see  table)  were  synthesized  by  the  first  variant.  Condensation  of  p-ethylanlllne  with 
bcnzylideneacctophenone  gave  (I)  by  the  second  variant,  and  condensation  of  p-amlnocymene  to  give  (Vn)  was 
also  effected  by  the  second  variant.  The  catalyst  in  both  variants  of  the  synthesis  was  the  hydrochloride  of  the 
amine  brought  into  condensation,  or  introduced  as  the  Scliiff  base. 


Prep, 

No. 

Melting 

point 

Yield  y 
(%) 

•/.N 

Aminoketone 

found 

calc. 

1 

P-C2H5-CoH4-NH-CH^CcH5 

131-132° 

41 

4.51,  4.62 

4.25 

II 

1 

CII.-CO-CpIIs 

8  -(p-Ethylanilino)-B  -plfcnylpropiopnenone 
pCalls-Qilh-NII-CII-CoIU-OCIIa-p 

116-117 

23 

4.20,  4.15 

3.90 

III 

1 

Cilj-CO-CoIIs 

6  -(p-EthylaniIino)-8  -(p-methoxyphenyl)- 
propiopnenone 

p.Qjn5-CcIl4-NII— CII-CbII, 

140-141. 

30 

3.93,  4.19 

3.90 

1 

CHj-CO-CBlU-OCHa-n 
p-Anisyl-[8  -(p-ethyIanilino)-8  -phenylethylf 
ketone 

IV 

P-C2ii6-CcH4-Nn-cii-C8H4-0CH3-p 

1  ^ 

119-121 

26 

3.87,  3.89 

3.60 

V 

CUj-CO-CcM^-OCII.rP 
p-Anisyl-[6  (p-cthylanilino)-6  -(p-methoxy- 
phenyl)-ethyl]  ketone 
^C2ll5-Ccll4-NH-CII-CeH5 

1 

127-128 

42 

4.33,  4.33 

4.08 

VI 

CM.;-CO-C9H4-CH3-p 

p-Tolyl-[8  -(p-ethylanilino)-6  -phenylethylf 
ketone 

P-C2II5-CBU4-NH— CII-C0H4-OCII3-P 

123-125 

37 

3.45,  3.45 

3.75 

VII 

CII2-CO-CCII4-CII3-P 
p-Tolyl-[8  -(p-ethylanilino)-8  -(p-methoxy- 
I^ienyl) -ethyl]  ketone 
(4)-H7C3-Coll3-l(2)-CIl3]-NH-ClI-CflH5 

163-164 

21 

4.14,  4.43 

3.92 

CHz-CO-QjHj 

6-(2-Methyl-4-isopropylanilino)-8-phenyl- 

propiophenone 
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As  already  mentioned  in  the  literature  [1-4],  heating  of  0 -arylaminokctones  with  concentrated  hydro¬ 
chloric  acid  leads  to  hydrolysis  to  the  original  primary  amine  and  chalconc, 

EXPiiRIMENTAL 

p-Ethylaniline  was  synthesized  from  p-nifcoethylbenzeuc,  prepared  hy  the  method  of  Schultz  [5],  p- Amino- 
cymene  was  prepared  hy  the  literature  metheds  [6,7], 

0 -Arylaminokctcncs.  1st  variant  of  synthesis.  To  a  solution  of  0,01  mole  cf  aromatic  amliie  in  5  ml  of 
alcoltol  (heated  cn  a  water  bath)  was  atlJrd  a  solution  of  0.01  mole  of  aromatic  aldehyde  in  5  ml  of  alcohol, 
after  which  the  reaction  mixture  was  heated  cn  a  water  bath  for  00  min.  Tb.ercupon  (without  sep-’.ratlon  of  the 
resulting  Schiif  base),  0,5  g  of  the  amine  hydrochloride,  and  0.0 1  mole  of  fatty-aromatic  ketone  were  added,  and 
the  mixture  again  heated  on  a  ./ater  bath  for  30-40  min.  After  cooling  in  a  refrigerator,  the  reaction  product 
was  isolat.  d,  usually  in  ciystalline  form.  Tlie  crystals  were  treated  with  a.mmonia  solution  and  recrystalllzcd 
from  a  mixture  of  alcohol  and  benzene, 

2nd  variant  of  syiitlicsis,  A  mixture  of  0,01  mole  of  primary  amine,  0.01  mole  of  beuzylldcne  '.cctophen- 
one,  0.5  g  of  amine  hydrochloride,  and  10  ml  of  alcohol  v/as  heated  In  a  scaled  test  tube  on  a  water  bath  for  1 
to  2  hr.  The  reaction  products  were  worked  up  as  above. 

The  products  of  both  variants  v/ere  Identified  by  analysis  and  by  tliC  absence  of  a  melting-point  depression 
in  a  mixed  test. 

Hydrolysis  (jf  aminoketoncs  (I-VII),  The  compound  (0.1  g)  was  heated  v/ith  concentrated  hydrochloric  acid 
(5  ml)  with  shaking  for  10-30  min  on  a  boiling- water  bath.  After  cooling,  the  acid  layer  was  run  off,  and  the 
residual  solid  product  dissolved  in  alcohol  and  crystallized  from  the  latter. 

Cleavage  of  (I)  gave  p-cthylanillne  and  a  clialconc  with  m.p.  56*;  cleavage  of  (VII)  gave  p-amlnocymene 
and  the  .same  chalconc,  as  confirmed  by  a  mixed  melting  test  with  the  authentic  chalcone, 

SUMMARY 

Studies  were  made  of  the  catalytic  condensation  of  p-ethylanilinc  and  p-amlnocymene  v/ith  Chalconc,  and 
of  Scliiff  bases  (prepared  from  p-ethylanilinc  cr  p-aminccymenc  and  aromatic  aldehydes)  witlr  fatty-aromatic 
ketones.  Seven  new  6 -arylaminokctones  weic  synthesized, 
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o-Hydroxybenzenephosphonic  acid  has  not  previously  been  prepared  [2,3],  However,  its  synthesis  appeared 
possible  by  various  routes,  some  of  which  have  already  been  investigated  for  preparation  of  the  m-  and  p-lsomers, 
namely: 

1)  From  aminobenzenephosphonic  acid  by  diazotization  and  replacement  of  the  diazo  group  by  the  hydroxy 
group  [4,5],  In  the  opinion  of  Kosolapoff  and  Bell  [5],  this  Is  the  only  route  of  practical  value; 

2)  By  replacement  of  halogen  by  hydroxy  group  in  the  corresponding  halobenzenephosphonic  acid.  How¬ 
ever,  attempts  to  prepare  p-hydroxybenzenephosphonic  acid  by  this  route  have  been  unsuccessful  [5];  the  only 
compounds  that  have  been  synthesized  by  this  route  are  3-nitro-4-hydroxybenzene  and  3-hydroxy-4-nltroben- 
zenephosphonic  acids  [5-7]; 

3)  By  dcmcthoxylatlon  of  methoxybcnzencphosphonic  acids.  Only  p-hydroxybenzenephosphonic  acid  has 
been  obtained  (in  low  yield)  by  this  route.  Attempts  to  prepare  o-hydroxybenzenephosphonic  acid  by  this  route 
were  unsuccessful  [8J,  although  its  4-nitro  derivative  was  indeed  synthesized  —  the  sole  compound  containing  an 
o-hydroxyphosphonic  grouping  [9]; 

4)  By  the  method  of  Doak  and  Freedman  [10], starting  from  the  corresponding  arninophenol.  There  is  no 
mention  in  the  literature,  however,  of  the  possibility  of  synthesis  of  tn-  and  p-hydroxybenzenephosphonic  acids 
by  this  method;  only  negative  results  are  reported  for  the  ortho- isomer  in  which  we  are  interested  [8], 

Synthesis  by  the  first  method  was  impracticable,  due  to  the  complexity  of  preparation  of  the  starting  o- 
aminobenzenephosphonic  acid  (the  next  communication  will  be  devoted  to  this  problem).  We  therefore  decided 
to  attempt  tlie  preparation  of  the  acid  of  interest  to  us  from  o-aminophenol  and  from  o-bromobenzenephosphonic 
acid. 


It  should  be  noted  that  in  the  few  instances  when  the  preparation  of  hydroxy  be  nzenephosphonic  acids  has 
succeeded,  the  reactions  have  always  gone  better  with  derivatives  of  these  acids.  Hence,  for  synthesis  by  the 
reaction  of  Doak  and  Freedman,  the  starting  substance  taken  at  first  was  not  o-aminophenol,  but  2-amino-4-chloro- 
phenol,  A  series  of  experiments  run  with  this  arninophenol  under  the  conditions  of  [10]  convinced  us  of  the  neces¬ 
sity  for  some  modifications  in  the  procedure.  The  objective  of  the  modifications  was  to  minimize  the  formation 
of  diarylphosphonic  acids.  It  was  thus  found  expedient  to  perform  the  reaction  in  presence  of  excess  PCls  through¬ 
out  the  whole  of  the  reaction  period.  The  sequence  of  introduction  of  reactants  was  altered  with  this  In  view ; 
diazonium  borofluoride  was  added  to  the  reaction  mass  containing  phosphorus  trichloride,  and  not  conversely  as 
in  [10],  In  addition,  the  quantity  of  phosphorus  trichloride  was  increased  by  about  207o,  As  a  result,  it  was  pos¬ 
sible  without  undue  difficulty  to  isolate  2-hydroxy- 5-chlorobenzenephosphonic  acid  in  the  form  of  an  equimolar 
mixture  of  the  monopotassium  salt  with  the  free  acid. 

The  first  attempts  to  prepare  o-hydroxybenzenephosphonic  acid,  even  by  a  modification  of  the  method  of 
[10],  nevertheless  ended  in  failure.  The  instability  of  the  C— P  bond  and  the  voluminous  resin  formation  prevented 
the  isolation  of  the  acid  in  question  either  as  such,  or  in  the  form  of  the  potassium  or  sodium  salt:  In  their  place, 
apart  from  resin,  we  obtained  only  phenol  in  admixture  with  phosphoric  acid  salts, 

•Communication  II  in  the  series  "Investigations  of  arylphosphonic  acids,"  For  I  see  [1], 


1600 


Having  been  unsuccessful  in  nttcmpts  to  isolate  the  aciJ,  we  decided  to  demonstrate  its  formation  by  an- 
ctlier  method.  For  this  purpose,  wc  exploited  its  ability  to  couple  with  diazo  compounds.  Wc  carried  out  this 
reaction  directly  with  the  reaction  mass  obtained  in  the  appropriate  manner,  and  obtained  a  phosphorus-contain¬ 
ing  azo  dye  (with  the  diazo  compound  from  p-nitroaniline)  in  a  yield  of 

In  later  experimeuts  v;e  we  were  able  to  separate  the  barium  salt  of  the  acid,  Tliis*salt  was  formed  direct¬ 
ly  in  tlic  initial  ethyl  acetate  mediimi,  thus  giving  the  possibility  cf  avoiding  a  whole  series  of  treatments  of  the 
reaction  mass, promoting  rupture  of  tlie  C-P  bond.  From  the  isolated  salt  was  prepared  an  azo  dye  with  p-nitro- 
aniline.  . 

We  obtained  consiilcrably  better  results  in  tlie  inve  tigntion  cf  the  synthesis  of  o-hydroxybcnzenephosphonic 
f.cid  by  the  second  route.  Hydrolysis  cf  o-biomobenzenophosphonic  acid  was  effected  both  w'ith  caust’c  alkail 
aral  ainmciiia,  with  addition  in  both  cases  of  cuprous  oxide  as  cataly  st;  the  reaction  goes  with  adequate  speed  even 
at  70-30",  o-Hydroxyboiizencphosplioiiie  acid  couM  not  be  isolated  in  chemically  pure  form  when  an  alkaline 
medium  was  used;  in  this  case,  its  formation  was  demonstrated,  as  before,  by  synthesis  of  a  phosphorus-containing 
azo  dye  by  coupling  of  ilie  separated  product  with  the  diazo  compound  from  p-nitroaniline.  When  using  an  am- 
iiiouiacal  medium,  however,  the  chemically  pure  o-hydroxybcnzeiKqdmsplionic  acid  could  be  isolated  in  a  yield 
cf  40?n. 

Our  results  differ  appicciably  from  those  obtained  in  replacement  of  bromine  by  hydroxyl  in  p-broinobonz- 
cncphosphonic  acid;  in  the  latter  case,  the  reaction  could  not  be  realized  [5],  In  our  case,  the  lability  of  the 
bromine  was  undoubtedly  influcnccc’  to  a  decisive  extent  by  the  presence  of  ihc  pliosphonic  group  in  the  ortho- 
position,  in  complete  agreement  with  analogous  cases  of  the  influence  of  a  nitro  group  in  the  ortho- position. 

Also  worthy  of  note  is  the  fact  that  oiir  chosen  conditions  of  hydrolysis  of  bromobenzcnephosphonic  acid  in 
an  ammonical  medium  arc  very  similar  to  those  described  for  the  synthesis  of  o-aininobcnzenephosphonic  acid 
['1).  However,  wc  did  not  detect  even  traces  of  the  latter  compound. 

In  the  pure  form,  o-hydroxyhenzencphosphonic  acid  was  found  to  be  a  very  stable  compound,  although  we 
observed  evidence  of  hydrolysis  of  the  C-P  bond  in  t’ue  course  of  its  synthesis.  It  has  a  sharp  melting  point,  and 
couples  well  with  active  diazo  compounds,  unlike  its  cliloro  derivative, 

!•:  XPF  RIMKNTAL* 

Synthesis  of  2-hydroxy-5-clilorobenzenephosphonic  acid  by  the  method  of  Doak  and  Freedman.  To  a  solu¬ 
tion  of  '18  g  of  2-amino-4-chIofop!ieuol  in  l''i  1  ml  of  Itydrofluohoric  acid  (d  1.22)  was  atid.ed  23  g  cf  sodium  ni¬ 
trite  with  stirring  over  a  peried  of  1  hr  at  a  tt-mpcratuce  of  -5  to  i  b*.  llie  piooipitate  was  filtered  after  the  lapse 
of  30-10  min,  washed  twice  with  water,  three  rimes  with  ether,  and  dried  in  the  air.  Yield  49  g.  To  a  mixture 
of  250  ml  of  anhydrous  etliyl  acetate  with  23  ml  of  I’Ch  was  added  portionwisc  a  mixture  of  ‘13.G  g  of  diazoni- 
iim  borofluoridc  and  4  g  of  cuprous  bromide.  During  the,  add.ition  of  the  diazoninin  Iwrofh’oride ,  the  temperature 
gradually  rose  to  45-50",  and  nitrogen  siait'.’d  to  come  off.  After  tlic  diazonium  compound  had  been  added,  the 
reaction  mass  was  held  at  the  same  temp-'ratuTc  until  nitrogen  ceased  to  come  off  (3-5  hr).  Then  the  precipitate 
was  filtered  and  60  ml  of  distilled  water  was  added  dropwisc  to  the  filtrate  at  20-30*.  Thcreiipcn,  the  ethyl  ace¬ 
tate  was  distilled  off  with  steam;  the  reaction  mass  was  cooled,  and  copper  sulfide  brought  down.  The  latter  was 
filtered  and  the  acid  filtrate  heated  until  the  odor  of  Itydccgcn  sulfide  had  disappeared  completely.  The  resulting 
solution  was  neutralized  at  first  with  saturated  KOI!  solution  (to  pH  2),  and  then  with  crystalline  KHCO3;  comple¬ 
tion  of  neutralization  was  checked  with  Congo  Red  paper  (absence  of  a  blue  stain  when  a  drop  of  the  solution  was 
placed  on  the  paper).  The  mass  was  later  evaporated  Oii  a  water  bath;  at  first  the  inorganic  salts  came  down  and 
were  filtered;  evaporation  to  a  volume  of  50  ml  gave  a  crystalline  precipitate  cf  the  salt  of  the  synthesized  acid. 
The  salt  was  crystallized  from  water  and  alcohol.  Yield  5,5  g  (12,5'’/o), 

Found  p  13.49.  13.49;  Cl  15.81,  15.63;  K  8.52.  C^I^tVClK  •CsH^O/Cl.  Calculated  P  13,61; 

Cl  15.58;  K  8.59. 

"With  participation  of  G.  B,  Zavarikhina  and  G,  P.  Stepanova,  All  determinations  of  P,  Cl,  and  K  contents  in 
the  compounds  were  carried  out  by  the  procedure  described  in  [11]. 
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Synthesis  of  o- hydroxy benzenephosphonic  acid  by  the  method  of  Doak  and  Freedman.  To  a  solution  of 
30  g  of  o-aminophcnol  in  90  ml  of  hydrofluoboric  acid  (d  1,22)  was  gradually  added  20.5  g  of  sodium  nitrite  in 
one  hr  with  stirring,  and  at  -8  to  0*.  After  30-40  min,  the  precipitate  was  filtered,  washed  twice  with  iced  water 
(40  ml),  and  three  times  with  ether  (50  ml),  and  dried  in  air  to  constant  weight.  Yield  of  diazonium  borofluoride 
42  g.  To  a  mixture  of  170  ml  of  anhydrous  ethyl  acetate  with  23  ml  of  phosphorus  trichloride  was  added,  with 
intensive  stirring  at  35*.  a  mixture  of  41,6  g  of  diazonium  borofluoride  and  4  g  of  cuprous  bromide.  During  the 
addition  the  temperature  rose  to  45-50*,  and  nitrogen  started  to  come  off.  After  the  whole  of  the  diazonium  salt 
had  been  added,  the  temperature  was  held  at  45-50*  until  no  more  nitrogen  came  off  (3-5  hr).  The  precipitate 
was  thereupon  filtered  and  to  the  filtrate  was  added  dropwise  60  ml  of  distilled  water  at  20-30*.  The  reaction 
mass  was  further  worked  up  by  two  methods, 

a)  First  method.  Ethyl  acetate  was  distilled  with  steam  from  the  reaction  mass  after  decomposition  with 
water  (distillation  was  continued  until  the  cloudiness  of  the  distillate  disappeared  ).  The  reaction  mass  was  then 
cooled,  copper  sulfide  was  precipitated,  and  the  filtrate  boiled  with  carbon  until  the  H2S  was  eliminated.  It  was 
then  filtered.  The  mass  was  cooled  and  neutralized  first  with  saturated  KOH  solution  (until  neutral  to  Congo), 
and  then  with  KHCO3  until  weakly  alkaline  (test  with  Brilliant  Yellow  paper).  To  the  resulting  solution  was  added 
in  small  portions  15  g  of  p-nitroaniline  diazonium  borofluoride.  Completion  of  coupling  was  marked  by  appear¬ 
ance  in  the  reaction  mass  of  a  slight  excess  of  diazonium  compound  that  persisted  for  several  minutes  (test  with 

H  acid  in  sodium  carbonate  solution)  when  the  medium  was  slightly  alkaline,  A  dark-brown  precipitate  formed 
and  was  filtered,  dissolved  in  KOH  solution,  and  again  filtered.  The  filtrate  was  then  acidified  with  hydro¬ 
chloric  acid  until  the  reaction  was  acid  (to  Congo),  The  resulting  precipitate  was  twice  recrystallized  from  boil¬ 
ing  water.  Yield  8  g  (12,5*70), 

Found  *7':  P  8.16,  8.41;  N  11.40,  11.36;  K  10.44,  C^HgOsNaPK.  Calculated  *70:  P  8.57;  N  11.60;  K  10,81. 

b)  Second  method.  To  the  reaction  mixture  obtained  after  decomposition  with  water  was  added  (with 
vigorous  stirring)  15.5  g  of  NaaCOa;  the  resulting  precipitate  was  filtered;  the  copper  in  the  filtrate  was  brought 
down  with  hydrogen  sulfide,  and  the  copper  sulfide  filtered  off;  the  filtrate  was  neutralized  with  NajCOa  to  pH  2 
to  3  (test  with  universal  indicator  paper).  With  progressive  addition  of  NaaCOa,  two  layers  formed.  The  aqueous 
layer  was  separated  and  extracted  with  ethyl  acetate  to  give  a  colorless  extract.  To  the  ethyl  acetate  solution 
was  then  added  63  g  of  Ba  (011)3  *  ^HjO.  The  precipitate  was  filtered;  two  layers  again  formed  In  the  filtrate; 
the  aqueous  layer  was  separated,  and  the  barium  salt  of  o-hydroxybenzenephosphonic  acid  again  extracted  from 
it  with  ethyl  acetate;  the  second  extract  was  added  to  the  main  ethyl  acetate  mother  liquor,  and  then  the  ethyl 
acetate  was  taken  off  in  vacuo.  To  the  syrupy  mass  remaining  at  the  bottom  of  the  flask  was  added  100  ml  of 
alcohol.  The  precipitated  barium  salt  was  filtered  off,  washed  by  decantation  with  hot  water  until  chloride  ion 
had  disappeared,  filtered,  pressed  on  filter  paper,  and  dried  at  120*.  Yield  10  g  of  yellowish  solid  (16*70). 

Found  7o:  Ba  43.3,  43.09;  P  9.65,  9.69.  C6H504PBa.  Calculated  7o:  Ba  44.4;  P  10.01. 

A  solution  of  6.2  g  of  barium  o-hydroxybenzenephosphonate  in  150  ml  of  57o  NazCOs  solution  was  prepared; 
the  resulting  precipitate  was  filtered  off  and  into  the  filtrate  was  stirred  a  diazonium  chloride  solution  prepared 
from  2,7  g  of  p-nitroaniline.  The  coupling  reaction  was  chocked  in  the  manner  described  previously.  After  com¬ 
pletion  of  the  reaction,  the  mass  was  acidified  with  hydrochloric  acid  (test  with  Congo),  The  precipitate  was 
filtered  and  the  filtrate  acidified  with  hydrochloric  acid.  This  second  precipitate  was  filtered,  washed  with  cold 
water,  and  dried  at  100*.  Yield  1,5  g.  Analysis  showed  the  absence  of  sodium. 

Found  %  p  9.50,  9.57;  N  12.88,  13.01.  C^HjoDcNsP.  Calculated  %  P  9,59;  N  13.01, 

Synthesis  of  o-hydroxybcnzencphosphonic  acid  from  o-bromobenzenephosphonic  acid.*  a)  In  107o  sodium 
hydroxide  solution.  To  a  solution  of  12  g  of  o-bromobenzenephosphonic  acid  in  60  ml  of  lOT^  sodium  hydroxide 
solution  with  stirring  was  added  a  slurry  containing  9  g  of  freshly  prepared  cuprous  oxide,  and  the  mixture  was 
heated  at  70-80*  for  12  hr.  The  mass  was  then  filtered  and  the  filtrate  acidified  with  hydrochloric  acid  to  pH  4, 
The  copper  was  brought  down  with  hydrogen  sulfide,  the  sulfide  filtered  off,  the  filtrate  boiled  with  carbon  and 
again  filtered;  the  colorless  filtrate  was  then  evaporated  on  a  water  bath  to  about  half  its  volume.  The  resulting 


•  o-Bromobenzenephosphonic  acid  was  obtained  under  conditions  similar  to  those  described  in  [5,12],  but  modi¬ 
fied  in  the  way  given  in  the  general  part. 


1602 


precipitate  of  inorganic  salts  was  filtered  and  evaporation  of  the  filtrate  was  continntd  to  a  voUinK  of  20-30  nil. 
The  si-cond  preeijjitate  was  again  filtered  and  dried  at  ICO*.  Tl'.ere  was  obtained  8.5  g  of  white  crystals  conipris- 
ing  a  inixliire  of  o-hydroxybi  n/icnephosplionic  acid  and  NaCl.  This  mixture  could  not  be  easily  separated  by 
crystalMxation.  The  ccnpling  method  was  therefore  used  to  demonstrate  the  presence  of  the  acid.  The  precipi¬ 
tate  v/as  dissolved  in  00  ml  of  10'7<>  sodium  carbonate  ioliition,  and  a  d).\?:oniurn  chloride  solution  (from  4  g  of  p- 
nitroaniiine)  was  stirred  in.  hater  steps  in  the  synthicsis  of  the  dye  were  similar  to  those  dcseribcd  in  the  previous 
expcrimoiit.  Weight  of  dye  after  purification  2.7  g  (16.3®/’).  Analysis  confirmed  the  absence  of  sodium. 


Found  P  9.43. 0.28;  N  13,52,  13.13.  Calculated  *7’:  P  9.59;  N  13.01. 


b)  In  an  ainmoniaeal  medium.  To  a  solntiofi  of  23.7  g  of  o-bromolvemrencphosphonic  acid  in  400  ml  of 
ammonia  sointion  (d  0.9)  was  added  in  tlicrc  portions  (in  the  course  of  an  h.our)  13  g  cf  cuprous  oxide  in  the  form 
of  a  freshly  prepared  slurry.  Tlic  reaction  mass  was  stirred  at  70°  for  .13  hr.  Toe  aron-.ouia  coneeiitratlon  in  the 
mass  was  kept  euiisiaiit  by  passage  of  gaseous  ammonia  (for  an  liour)  at  intervals  of  2  hours,  'nic  reaction  mass 
was  th-  n  cooled  and  acidified  with  concentrated  hydrochloric  acid  to  pH  3-4.  A  greenish  precipitate  came  down 
and  was  filtered  and  dissolved  in  dilute  hydrochloric  acid  (1:2),  The  copper  v/as  brought  <lown  v/itli  hydrogen  sul¬ 
fide,  the  sulfide  was  filtered  off,  and  the  mother  liquor  was  boiled  v/ith  carbon,  filtered,  and  neuLtalizcd  with  so¬ 
dium  carbonate  until  a  blue  stain  ceased  to  be  formed  from  a  drop  of  tlic  solution  on  Congo  paper.  The  white, 
Ciystaillne  precipitate  was  washed  with  water  until  free  of  chloride  ioii,  and  dried  at  120*.  Yield  cf  acid  7.1  g 
(41®/o).  Tests  for  sodium  and  for  amine  (by  diazctinaiion  and  coupling)  were  negative. 

Found  '7o:  C  41.43,  41.31;  II  4.56,  4.50;  P  17,61,  17.67.  CellvO^P.  Calculated  ‘7’;  C  41.39;  H  4.05;  P  17.79. 

The  o-hydroxybenxencpItosjihonic  acid  was  a  white,  crystalline  substance  with  m.p,  178-179*  (rate  of  heat¬ 
ing  2.5-3®  per  min);  it  gave  a  characteristic  orauge-brown  color  with  ferric  chloride.  Heating  of  1  g  of  o-hydroxy- 
hciizcnepliosplionic  acid  with  coiiccntratcd  hydrochloric  acid  for  3  hr  gave  0.3  g  of  a  substance  whose  melting 
point  was  close  to  that  of  tlic  chemically  pure  acid;  a  mixture  with  the  latter  did  not  exhibit  an  appreciable  de¬ 
pression  of  melting  point.  ' 


SUMMAllY 

o-Hydroxybcnzenepliospbonic  acid  and  some  of  its  derivatives  Vs’crc  prepared  for  the  first  time.  It  was  cstab 
lished  ihat  hydrolysis  of  o-biomobcnxeiu-phos[)lioiuc  acid  in  aiinnonia  solution  is  the  simplest  method  of  synth¬ 
esis  of  o-hydroxybenzencphospl'.onic  acid. 
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DIPHOSPHONATES 


I.  ESTERS  OF  METHYLENEDIPHOSPHONIC  ACID 

K.  A.  Petrov,  F.  L.  Maklyaev  ,  and  N.  K.  Bliznyuk 

Translated  from  Zhurnal  Obshchel  Khlmil,  Vol,  30,  No,  5,  pp,  1602-1608, 
May,  1960 

Original  article  submitted  May  26,  1959 


Methylencdlphosphonates  are  phosphoric  analogs  of  esters  of  malonlc  acid.  They  are  prepared  by  the  meth¬ 
ods  of  Michaells  and  Becker , and  ofArbuzov,  The  first  representative  of  the  methylencdlphosphonates  -  the  dl- 
sodlum  salt  of  diethyl  methylcnedlphosphonate  —  was  prepared  by  Nylen  [1]  by  the  method  of  Michaells  and 
Becker:  reaction  of  sodium  diethyl  phosphite  with  methylene  iodide  and  chloride,  Nylen  attributed  the  formation 
of  salt  Instead  of  neutral  ester  to  the  anomalous  course  of  alkylation,  wlilch  is  accompanied  by  detachment  from 
the  intermediate  product  of  alkyl  halide  and  not  of  salt  of  hydrohalic  acid. 


2  VONa+CIIzClz 

QHfiO/ 


ONnO  Na 


QUsO.  I 

C2H5O/  1 
Cl 


OC2II6 

OC^Hs 


CallsO.  P  /OC^Ms 
>licn2  P< 
NaO^O  ||\ONa 


+  2CaH5Cl 


O 


Tlie  tetraethyl  ester  of  rnethylenediphosphonic  acid  was  prepared  for  the  first  time  by  Ford-Moore  and 
Williams  [2]  by  the  Arbuzov  reaction  (action  of  methylene  Iodide  on  trlethyl  phosphite)  In  very  low  yield.  The 
negligible  yield  of  dlphosphoriate  in  this  case  is  accounted  for  by  the  concurrent  reaction  of  alkylation  of  the 
phosphite  with  ethyl  Iodide  formed  during  preparation  of  the  dlphosphonate. 


2(C2H50)3P-f-Cn2l2  -V 
(QH;,0)2PCIl2 
& 

{C2H50)3P-f  C,H,I 


*  ‘  1 

I  < 

(C-2n60)3Pcn2P  (002115)3] 
p  (002115)2 +  2G2H6I 
(!) 

^  C2!l5PO(OC2Hs)2-hClH5l 


Subsequently,  this  method  was  somewhat  Improved  by  Kosolapoff  [3],  who  succeeded  In  raising  the  yield  of 
diphosphonate  to  20'7<’,  This  ester  was  obtained  in  better  yield  (47^70)  by  reaction  of  sodium  diethyl  phosphite  with 
diethyl  chloromethylenephosphonate  [4], 


(C2H50)2P0Na  +  C1CH2P(0C2H5)2  (C^H50)2P— CH2-P(0C2H5)2  +  Naa 

*0  &  I, 


We  thus  see  that  none  of  the  methods  in  question  enabled  the  preparation  of  a  neutral  ester  of  methylene- 
diphosphonic  acid  in  good  yield. 

In  a  study  of  the  alkylation  of  sodium  dlalkyl  phosphites  with  esters  of  chloromethylphosphinlc  acid,  we 
were  able  to  clarify  the  secondary  processes  accompanying  this  reaction  and,  in  some  cases,  we  Increased  the 
yield  of  tetralkyl  methylencdlphosphonates. 

Reaction  of  the  diethyl  ester  of  chloromethylphosphinlc  acid  with  sodium  diethyl  phosphite  gave,  apart 
from  neutral  diphosphonates,  a  considerable  quantity  of  solid,  undlstillable  product  and  substances  boiling  lower 
than  the  diphosphonate.  The  solid  product,  as  will  be  shown  below,  is  a  mixture  of  sodium  salts  of  esters  of 
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'.K’tliylp.ncdij'hosphon^r;,  ctby>p?i05p^i5nfc,  nnH  chlorornethylphospbhuc  acids.  The  low-boiHng  fraction  coasists 
mainly  of  diethyl  esters  of  ethyl-  and  chlcrometliylphosplunic  acids. 

Formation  of  these  products  can  be  explained  as  the  result  of  alkylation  of  sodium  dialkyl  phorpLltes  by 
i.cutral  esters  of  alkylphosphir'lc  acid«,  V/e  previously  studied  this  reaction  [5]  and  proposed  it  as  a  mct’iod  of 
pn  paratlon  of  ph.osplionatcs.  It  was  shown  that  Iie3tin3  of  sodium  dialkyl  phosphites  with  a  small  addition  of 
neutral  alkyl  phosphoiiatcs  led  to  good  yields  of  salts  cf  esters  of  alkylphosphinic  acids, 

o 

(ll()).d’ON'n  — - >  R-IX 

i|  'ONa 
U 

A  similar  result  is  obtained  when  sodium  dialkyl  phosphites  are  heated  with  catalytic  quantities  of  alkyl 
halides. 

In  accord  wiili  iliese  i:iv«;s!igaiiou«,  the  format'on  of  diverse  oioducts  v/Iien  ecters  of  chloroincthylphosphiulc 
acid  react  with  sodium  dialkyl  ph.osphites  is  the  ccasequence  of  alkylation  of  the  latter  by  the  phosphonates  formed, 
Parricipoting  in  these  reactions  arc  itcutral  esters  of  rncihylencdipliosphonic,  chloromethylphosphinlc,  and  cthyl- 
phosphinic  acids.  'Ihe  ester  of  chlcrom.nhylphcspldriic  acid  alkylates  scdlurn  dialkyl  phosphite  in  its  capacity  as 
an  alkyl  lialide  and  a  phosphonate,  V/e  indirectly  demonstrated  the  ability  of  this  ester  to  alkylate  sodium  di¬ 
alkyl  phcsp’iite  at  the  expense  of  the  c-.ter  group  (see  bclo^/).  The  ability  of  neutral  dlphosphonatcs  to  alkylate 
sodium  dialkyl  phosphites  was  proven  in  tlds  investigation  by  direct  experiment.  Heating  of  equimolar  quantities 
of  sodium  diethyl  pliosphite  and  tetiaetsiyl  methylcncdlphosphonate  under  conditions  similar  to  those  In  tlie  synth¬ 
esis  of  the  latter  hy  the  action  of  diethyl  chloromeihylphosphonate  on  sodium  diethyl  phosphite  gave  the  diethyl 
ester  of  ethylphosphinic  acid  (yield  dO'/k),  a  small  quantity  of  the  original  diphosphonate,  and  a  saltlike  product 
containing  the  ester-salt  of  meihylenediphosphonic  acid. 

Consequently,  the  formation  of  all  the  above  products  in  the  reaction  of  sodium  diethyl  phosphite  with  the 
diethyl  ester  of  chloiomethylphosphinlc  acid  can  be  represented  by  the  following  scheme: 


C2llr,Ov 

;i’ONa-|-Cl(:H2P<  "  ■  — >  '  ■ 

C2H5O/  ll^OCdlr,  C2lh,0/||  IJ^OlVjII 

o  o  o 


OeVH.; 


\-  NnCl 


Colb,0,  /0(',2lh,  (hIb.O.  /OC2H5 

>l'ONa -l-(;!CIl2r<  '  -->  ■  >l’-c.lb,  l-CICIl-dX 

ipoc.lls  ll^ONa 


o 


C.ll-.o 


^PONa  f  Cd!-P<;  ■  — >  '  >P-C2n5-bC2H:.P< 

'^lh,0/  ll^OChll-,  CallsO/ji  II^ONa 

o'  0  O 

,002115 

J’ONji  J.  MM’M.P!' 

C2ll-';0/ 


PP/ 


OC2H5 


C,ll-.0.  Cz’b.Ov 

^i’ONa  -I-  >IM:!I..1X 

CoIP.O/  II  1|MX’,>1I-, 


(PIP.O. 

II 

o 


o  <1 

C2H-.0 


PCII,p/ 


002  H5 


Na0/i|^  11^  ^002  Ms 


0-2 1!,, 

u  u 

CoMjOv  0^11,0.  /OC2II5 

>PONa-f  "  >PCIPP< 
0,.IP,0/  NnO'^ll  ||\0C,1P, 

0  0' 


O2lb,0v  0.2 1150.  /OCills 

— V  >IV,2ll5  J-  >l’CIl.2P/ 

Ci]]^(V  w  NaO/  II  n^ONa 

0  O 
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We  carried  out  the  reaction  between  sodium  diethyl  phosphite  and  the  diethyl  ester  of  chloromethylphosph- 
inic  acid  under  various  conditions  -  use  of  different  solvents  (ether,  benzene,  toluene),  various  temperatures  and 
durations  of  heating.  The  sequence  of  mixing  of  reactants  was  also  varied. 

Considerable  difficulties  are  encountered  in  the  separation  of  the  substances  formed  in  the  reaction.  The 
reaction  mass  was  treated  with  ligroine  for  separation  of  the  solid,  saltlike  products  from  the  liquid  phase,*  after 
which  the  salt  could  be  easily  filtered.  The  dried  solid  consisted  of  sodium  chloride  (about  707°  of  the  weight  of 
the  precipitate  and  bb°]o  of  the  theoretical  yield)  and  a  mixture  of  salts  of  esters  of  ethylphosphinic,  chloromethyl- 
phosphinic,  and  methylenediphosphonic  acids,*  *  The  ester-salts  were  separated  from  the  sodium  chloride  by  so¬ 
lution  in  alcohol. 

The  filtrate,  after  distillation  of  the  solvent,  was  subjected  to  fractional  distillation  in  vacuo.  In  all  cases 
a  considerable  quantity  of  low-boiling  fraction  was  obtained  (70-120*  at  6-8  mm),  which  consisted  mainly  of  two 
products  -  the  diethyl  ester  of  ethylphosphinic  acid  and  the  diethyl  ester  of  chloromethylphosphlnic  acid.  These 
compounds  were  obtained  pure  by  numerous  fractional  distillations.* **  The  yield  of  diethyl  phosphonate,  depend¬ 
ing  on  the  experimental  conditions,  was  SO-SOT’fon  the  sodium  diethyl  phosphite). 

After  the  neutral  ester  of  methylenediphosphonic  acid  had  been  distilled  off,  the  flask  always  contained  a 
considerable  amount  of  glassy  product  which  consisted  of  salts  of  esters  of  ethylphosphinic,  chloromethylphosphlnic, 
and  methylenediphosphonic  acids  with  a  small  admixture  of  sodium  chloride.  The  presence  of  these  substances 
in  the  residue  obtained  after  distillation  of  the  diphosphonate  and  in  the  solid  products  isolated  from  the  reaction 
mass  by  treatment  with  ligroine  was  confirmed  by  transformation  of  the  ester-salts  into  chlorides  of  the  respective 
acids  by  the  action  of  phosphorus  pentachloride;  in  this  way,  the  ester-salts  of  ethyl-  and  chloromethylphosphlnic 
acids  were  converted,  respectively,  into  the  dieWorides  of  ethyl-  and  chloromethylphosphlnic  acids,  while  ether- 
salts  of  methylenediphosphonic  acid  were  converted  into  tetrachlorides  of  dichloromethylenediphosphonic  acid. 


/CI 

C2U5-' \  4  ('zIlsK  4-  2POCI3  4-  CallsCl  +  NaCl 

II  -ONn  II  Vd 

O  O 

/OC-jH,.  Cl 

ClClIilX  +  2PC15  ^  ( .icn.2p<  4-  2POCI3  -f  CaHjCl  4-  NaCl 

l|  ^ONa  II  \C1 

0  o 


G2II3O. 

>pcn2i\  +r.pci5-> 
NnO^ll  |ni)(;,l|. 

0  0 


— >  CI2PCCI2PCI2  -I  4POCI3  d-  L’PCIa  +  2I1C1  -f  aCjIIiCl  +  NaCl 


O  O 


The  first  two  acid  chlorides  could  not  be  isolated  in  the  pure  form,  due  to  the  closeness  of  their  boiling 
points.  However,  from  the  boiling  point  of  the  low-boiling  fraction  (70-80*  at  10  mm),  the  specific  gravity  and 
the  chlorine  content,  W'e  have  ample  evidence  that  tliis  fraction  consists  mainly  of  a  mixture  of  the  dichlorides 
of  ethyl-  and  chloromcthylphosphinic  acids.  The  specific  gravity  of  this  fraction  varied  in  different  experiments, 
but  always  had  a  value  intermediate  between  the  specific  gravities  of  the  dichlorides  of  ethyl-  and  chloromethyl- 
phosphinic  acids.  The  chlorine  content,  determined  after  hydrolysis,  was  slightly  lower  than  the  value  calculated 
for  the  dichloride  of  ethylphospliinic  acid.  After  mineralization,  the  chlorine  content  was  found  to  have  increased 
appreciably  and  occupied  a  position  intermediate  -between  the  calculated  content  of  chlorine  in  the  dichlorides 
of  ethyl-  and  chloromethylphosphlnic  acids.  On  the  basis  of  the  chlorine  content  found  after  hydrolysis  and  after 

*In  other  experiments,  aiming  at  separation  only  of  the  neutral  esters  of  methylenediphosphonic  acid,  a  small 
quantity  of  water  was  added  to  the  reaction  mass  for  precipitation  of  the  saltlike  products.  The  salts  were  washed 
out  with  water  when  water-insoluble  diphosphonates  were  being  prepared, 

*  *  The  quantity  of  sodium  chloride  was  determined  by  titration  of  the  chloride  ion  (without  mineralization  of  the 
substance).  It  should  be  noted  that  some  investigators  [6]  regarded  the  precipitate  formtd  on  alkylation  of  sodium 
dialkyi  phosphites  with  alkyl  halides  as  the  pure  salt  of  the  hydrogen  halide, 

*  *  *Due  to  the  impossibility  of  quantitative  resolution  of  the  mixture  of  these  products  (similarity  in  boiling 
points),  the  content  of  ester  of  chloromethylphosphlnic  acid  was  calculated  from  the  quantity  of  chlorine, deter¬ 
mined  after  mineralization  of  the  mixture  of  substances. 
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TABLE  1 


Formula  j 

Boiling  point 
(pressure 
in  mill) 

M  lio 

calc.  !  found 

1 

(Iso  -C,li;0)  .P(0)Cn  >C1 

72-7:'°  (2) 

1.0170 

\A:m 

5(t.2(5 

50.;i() 

r  n.r,,l!.,0).l'(())(:!l  ,(■.! 

110-PM2) 

1.07SG 

1.4430 

5:>.49 

5!t.r)9 

(  n.C|I!oOi.l’i(),CII4’(0)(OCi!L.-n ). 

l'i3_1-,',(2) 

l.-O'.ll) 

1.44  26 

102.44 

lUl.86 

(C,l|.O),I'(0)f''l  't'(0)(OC;l!u  n 

!.0!!43 

1.4414 

8:3.06 

8:3.34 

CI.I'(<)A-CI.Pi())Cl2 

i;3!)_l/,0(71  1 

— i 

— 

— 

— 

M.p.  75-76^1 

iiihKiaU/.atioii,  llic  tinantitativc  ratio  of  these  two  chlorides  In  the  mixture  was  roughly  esiimatcd.  The  data  coii- 
I’irin  tliat  the  original  mixliire  of  saUs  contained  salts  of  erters  cl  ethyl-  aud  chloromothylphospliinic  acids.  The 
presence  of  ilie  latter  ester-salt  was  confinned  and  its  approximate  quantity  determined  also  from  the  chlorine 
content  found  after  mineralization  of  a  v/eighed  sample  of  the  mixture  of  salts  wMch  had  been  tlioroughly  freed 
Of  sodium  chloride  !)y  treatment  v.Uh  alcohol. 

The  tetrachloride  of  d:chlcromctliyl„;icdiplio.piioiuc  acid  was  isolated  and  characterized,  V/e  also  obtained 
this  acid  chloride  in  good  yield  by  treating  tetraethyl  mcthylenediphosphonate  with  phosphorus  pentachloride. 

In  the  light  of  the  foregoing  facts,  wc  can  assume  that  the  main  cause  of  the  low  yields  of  incthylencdl- 
phosphonates  obtained  by  the  Michaelis—  Decker  method  is  the  alkylation  of  sodium  dialkyl  phosphites  by  neutral 
idiosphonntcs  and  diphesphonates  with  formation  of  salts  of  esters  of  alkylphosplunlc  and  diphosphonlc  acids.  There 
secondary  reactions  arc  not  limited  to  the  preparation  of  mcthiylencdipho.-phonatcs:  they  also  take  place  during 
synthesis  of  esters  of  alkylphospUlnic  acids  l)y  the  Michaelis-Peckcr  ntetho<l.  In  some  cases,  these  secondary  proc¬ 
esses  can  be  suppressed  by  suitable  choice  of  conditions,  but  it  hardly  seems  possible  that  they  can  be  completely 
eliminated. 

By  reaction  of  esters  of  chloromethylphosphimc  acid  with  sodium  dialkyl  phospliitcs  we  obtained  the  pre¬ 
viously  undescribed  letrabtiiyl  and  dicihyldibutyl  ester's  of  incthylencdiphosphonic  acid.  Attempts  to  prepare  the 
ictra methyl  ester  by  this  route  were  unsuccessful.  This  failure  is  apparently  due  to  the  high  alkylating  activity 
of  methyl  esters  of  chloroincthyl-  and  inethylphosphinic  and  methylencdipltosphonlc  acids  tov/aid  sodium  dl- 
nietliyl  phosphite. 

Esters  of  chloromcthylph.osphinic  acid,  needed  for  the  syntliesis  of  incthylcncdiphosphonates,  were  obtained 
by  the  action  of  liie  dichloridcs  Oii  alcohols;  for  this  purpose  v.'c  devised  a  modified  procedure.  The  modification 
involved  removal  of  the  hydrogen  chloride  formed  in  tlic  reaction  in  the  course  of  addition  of  the  acid  chloride 
to  the  alcoliol.by  passage  of  a  stream  of  d'ry  air  tUrovtgh  the  reaction  mixture.  The  reaction  mass  was  fractionated 
iminedintcly  after  elimination  of  the  hydrogen  chloride  \;Ithont  sfaiic’ing  overnight  as  was  the  earlier  practice  [7], 
In  this  way,  it  was  possible  to  increase  the  yield  of  esters  to  90-0o''/o  (previously  by  otlier  workers  [7J),  By 

this  methotl  wc  obtained  the  previously  luuU'Scribcd  uiisopiopyl  and  dibutyl  esters  of  chloromethylpUosplilnic  acid, 
The  properties  of  the  compounds  .are  set  f(>rth  in  Table  .1, 


LX  EE  iU  MENTAL 

Reaction  of  sodium  diethyl  phosfdiite  with  diethyl  ester  of  chloromethylphosphiad.c  acid,  Oropwlse  addition 
was  made,  with  stirring,  of  5?, .2  g  of  the  diethyl  ester  of  chloroinethylphoopliinic  acid  to  a  solution  of  the  sodium 
salt  of  diethyl  phosphite,  prepared  from  38,6  g  of  diethyl  phosphite  and  G,‘15  g  of  metallic  sodl'.im,  in  100  ml  of 
dry  benzene.  The  reaction  mass  was  heated  on  a  water  bath  until  trlvalcnt  pliosphorus  was  absent  (test  with  mer¬ 
curic  chloride).  This  step  required  about  6  hr.  After  cooling  of  the  nuAtiirc,  50  ml  cf  ligrclne  v/as  added.  On 
the  following  day  the  precipitate  was  filtered  off,  v.'ashcd  with  ligroine,  and  dried.  There  was  obtained  12,1  g 
of  solid  product  containing  8.7  g  (53'7»)  of  sodium  cliloride.  The  latter  was  determined  by  titration  of  the  ionic 
chlorine. 

Found  <70;  Cl  43.5.  NaCl.  Calculated  ^7^  Cl  60.7. 

The  product  also  contained  3,4  g  of  the  sodium  salts  of  the  ethyl  esters  of  methylenediphosphonic,  chloro- 
mcthylphospliinic ,  and  ethylphospjhiaic  acids,  Tire  cstcrsalts  were  ptirificd  from  sodium  chloride  by  dissolution 
in  anhydrous  alcohol,  and  their  content  of  pliosphorus  and  chlorine  wuas  determined  (found  ‘’/e  P  13,21,  Cl  4,05), 
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The  ester-salts  were  converted  to  acid  chlorides  by  the  action  of  phosphorus  pentachloride ,  as  detailed  below. 
Fractional  distillation  of  the  filtrate  gave  two  fractions;  1st,  70-120*  (6  mm),  30  g;  2nd,  166-170*  (6  mm,  45  g. 
The  residue  in  the  flask  (a  vitreous  mass)  weighed  10  g. 

The  first  fraction  contained  about  10,7  g  of  the  original  ester  of  chloromethylphosphinic  acid;  this  was  de¬ 
termined  from  the  chlorine  content  after  mineralization  of  the  substance  (found  Cl  6,7),  It  also  contained 
about  19,3  g  (41,570  based  on  the  sodium  diethyl  phosphite)  of  diethyl  ester  of  ethylphosphinic  acid.  Numerous 
fractionations  enabled  the  isolation  of  esters  of  chloromethyl-  and  ethylphosphinic  acids  in  pure  form.  The  first 
substance  had  b,p,  109-110*  (10  mm),  d*®4  1,997,  n^®D  1,4424;  the  second  had  b,p,  84-86*  (10  mm),  d*®4  1,0253, 
n^^D  1,4162, 

Rcdistillation  of  the  second  fraction  gave  44,5  g  (557o  on  the  ester  of  chloromethylphosphinic  acid  taken 
and  69,57>  on  the  ester  entering  into  reaction)  of  tetraethyl  ester  of  methylenediphosphonic  acid;  b,p,  152-153* 

(4  mm). 

The  residue  remaining  in  the  flask  after  distillation  of  the  filtrate  was  freed  of  sodium  chloride  by  dissolu¬ 
tion  in  anhydrous  alcohol.  It  was  then  analyzed  for  phosphorus  and  clilorine  (found  Ti  P  19,56,  Cl  5,20)  and 
treated  with  phosphorus  pentachloride.  An  energetic  reaction  occurred  and  ethyl  chloride  was  evolved.  The 
mixture  was  then  held  at  120-150“  until  phosphorus  oxychloride  ceased  to  be  evolved,  Tlie  residue  in  the  flask 
was  diluted  with  dry  carbon  tetraciiloride  and,  with  the  objective  of  decomposition  of  the  residual  phosphorus 
pentachloride,  dry  sulfur  dioxide  was  passed  into  the  suspension  until  no  further  heat  was  generated.  The  sodium 
chloride  was  filtered;  solvent,  thionyl  chloride,  and  phosphorus  oxychloride  were  distilled  off  from  the  filtrate, 
and  tlie  residue  was  fractionated  in  vacuo,  Tv/o  fractions  were  obtained;  1st,  70-80*  (10  mm),  3,5  g;  2nd,  140 
to  1 18*  (10  mm),  3.2  g.  The  first  fraction  had  d^®4  1,4950  and  contained  46,37oof  chlorine  (after  hydrolysis  with 
alkali)  and  55.47o  of  chlorine  after  mineralization.  Redistillation  of  the  second  fraction  gave  the  tetrachloride 
of  dichloromethylcncdiphosphoric  acid  with  b,p,  139-140“  (7  mm).  The  chloride  crystallized  from  diethyl  ether 
as  well- formed,  large  crystals;  m,p,  75-76*, 

Found  7’:  Cl  (after  mineralization  66,-18;  Cl  (after  hydrolysis)  44,81;  P  19,29,  19,20, CO2P1CI6.  Calculated 
7*.  <^1  (total)GG,75;  Cl  (as  acid  chloride)  44,50;  P  19,44, 

Dichloromethylencdiphosphinyl  tetrachloride.  To  0,6  mole  of  phosphorus  pentachloride  was  added  0,1  mole 
of  tetraethyl  methylencdiphosphonatc  in  small  portions  from  a  dropping  funnel  with  shaking.  After  the  violent 
reaction  had  subsided,  the  mixture  was  held  at  120-140*  until  phosphorus  oxychloride  ceased  to  distil  over.  The 
residual  phospliorus  pentachloride  was  decomposed  with  sulfur  dioxide.  Distillation  gave  22,9  g  of  the  acid  chlo¬ 
ride  (727o);  b.p,  139-140*  (7  mm);  m,p,  75-76*, 

Alkylation  of  sodium  diethyl  phosphite  with  tetraethyl  methylencdiphosphonatc.  A  mixture  of  0,1  mole  of 
tetraethyl  mcthylenediphosphonatc  and  0,1  mole  of  sodium  diethyl  phosphite  in  50  ml  of  dry  benzene  was  heated 
on  a  boiling  bath  for  6  hr.  The  solvent  was  distilled  off  from  the  reaction  mass,  after  which  the  flask,  through  a 
trap  immersed  in  a  mixture  of  acetone  and  carbon  dioxide,  was  connected  to  a  vacuum  of  1-2  mm,  carefully 
heated  to  100*,  and  held  at  this  temperature  for  1  lir.  Distillation  of  the  condensate  yielded  6,6  g  (dOT^)  of  diethyl 
ester  of  etliylphospliinic  acid  with  b,p.  84-85*  (13  mm),  d^®4  1,0257,  n^°D  1,4162,  The  residue  in  the  flask  was  a 
glassy  mass  and  consisted  mainly  of  the  sodium  salt  of  the  ester  of  methylenediphosphonic  acid.  Due  to  the  dif¬ 
ficulty  of  isolation  In  the  pure  state,  this  salt  was  not  examined  more  closely, 

Tctrabutyl  ester  of  methylenediphosphonic  acid.  To  0,1  mole  of  sodium  dibutyl  phosphite,  prepared  from 
19,4  g  of  dibutylphosphorous  acid  and  2,3  g  of  metallic  sodium  in  50  ml  of  dry  toluene,  was  added,  with  stirring, 
0,1  mole  of  dibutyl  ester  of  chloromethylphospliinic  acid.  The  reaction  mass  was  heated  on  a  boiling  water  bath 
until  trivalent  phosphorus  was  absent  (about  6  hr).  Water  was  added  to  the  cooled  mixture  until  the  saltlike  pro¬ 
ducts  had  dissolved.  The  aqueous  layer  was  separated,  and  the  organic  layer  was  washed  with  water  and  dried 
over  calcined  potassium  carbonate.  After  the  solvent  had  been  distilled  off,  the  residue  was  fractionated  In  vacuo 
to  give  20  g  (507o)  of  product;  b,p,  193-194*  (2  mm). 

Found  P  15,25,  15,40,  Ci7H3806P2.  Calculated  Tn  P  15,47, 

Diethyldibutyl  ester  of  methylenediphosphonic  acid.  From  0.1  mole  of  sodium  diethyl  phosphite  and  0,1 
mole  of  dibutyl  ester  of  chloromethylphosphinic  acid  (conditions  similar  to  those  for  synthesis  of  tetrabutyl 
methylene  diphosphonate)  was  obtained,  after  two  distillations,  15,5  g  (4570);  b,p,  179-180*  (2  mm). 
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TABLE  2 


Formula 

Yield 

(%) 

Found  (7^) 

Calc.  (7o) 

p  j 

1 

P 

Cl 

(iso-C,il;O),i>(0)(:il2CI 
(  n-r,th,O).i'(0)(’,l|.,c,l 
(C!l  ,(>)->’(0)r,ll2Cl 

((’.n-/)),i’('^]Cii  .'':i 

7!) 

91 

90 

91.5 

14. ,50 

1 2.70 

Previousl' 

Prcvio'.ish 

1 

16..57 

1-1..58 

y  obtainct 
/  obtaincr 
1  1 

14.43  1  16..52 
12.77  1  14.61 

1,  yield  55'’/or7] 
t.  yield  75%  [7] 

Found ‘fo:  C -14.70.  44.02;  H  S.Bl,  H.GB;  P  17.90,  18.11 ,  CijUaoO^jPz.  Calculated''/):  C  45.34;  H  d.78; 

P  17,99. 

Esters  of  chloroinethyl!  liosphinic  acid.  To  1.3  inolcs  of  anhydrous  alcohol  was  added  0,5  mole  of  chloto- 
incthylphosphinyl  chloride  dropv-ise  in  the  course  of  40-50  iniii  while  the  mass  was  cooled  \;ith  ice  and  salt,  and 
a  powerful  sacam  of  dry  air  was  passed  t’iro.igh.  Aspiration  of  air  v/as  continued  until  die  whole  cf  die  hydrogen 
chlciiJc  had  been  removed  frcrii  tl;e  reaeden  macs  (3-4  hr).  Tlie  recidue  v;as  ilien  distilled  in  yacuo.  Yield  and 
analytical  data  are  set  forth  in  Table  2. 

S  IJ  M  M  A  II  Y 

The  laacLion  of  sodium  diaJhyl  jjhosphitcs  wi.di  esters  of  chloroiiiethylphospliinlc  acid  was  studied.  It  vras 
shov/ii  th  '.t  neutral  esters  cf  methylenediph.osphonic,  chloromethylphospbinic,  and  aJkylphospIiInic  cicids  alkylate 
sodium  dialUyl  phosphites  with  foiuiation  of  salts  of  esters  of  these  acids.  These  alkylation  reactions  arc  a  prin¬ 
cipal  cause  of  the  low  yields  of  phosphonates  and  diphosphonates  in  the  Michaclis— Becker  reaction, 
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Ethylcnediphosphonates,  like  methylenediphosphonates,  have  been  little  studied.  Several  ethylenedlphos- 
phonates  have  been  described,  and  the  first  representative  —  the  tetraethyl  ester  —  was  obtained  as  recently  as 
1947,  These  compounds  were  prepared  by  two  routes;  by  alkylation  of  neutral  phosphites  with  ethylene  bromide 
[1,9],  and  by  addition  of  dialkyl  phosphites  to  esters  of  vinylphosphinic  acid  [2],  Attempts  to  prepare  ethylene- 
diphosphonates  by  reaction  of  sodium  salts  of  dialkylphosphorous  acids  with  1,2-dihaloalkanes,  particularly  dl- 
chloro-  and  dibromoc thane,  were  unsuccessful  [3],  Formation  of  a  certain  quantity  of  dlphosphonate  by  the  action 
of  dibromoethanc  on  sodium  phosphite  has  also  been  reported  [4], 

Tlie  authors  in  question  do  not  give  the  yields  of  the  products  formed. 

Our  investigations  have  shown  that  the  conditions  for  the  above  experiments  could  not  result  In  formation 
of  appreciable  quantities  of  diphosphonate. 

In  the  present  work,  it  was  shown  that  esters  of  ethylenediphosphonic  acid  can  be  synthesized  by  the 
Michaclis- Becker  reaction.  We  succeeded  in  eliminating  all  the  difficulties  associated  with  the  application  of 
this  method  by  determination  of  two  parameters  -  firstly  the  optimum  working  temperature  of  the  reaction  and, 
secondly,  the  best  sequence  of  mixing  of  reactants.  It  was  found  that  in  the  reaction  of  sodium  dialkyl  phospliltes 
with  1,2-dihaloalkanes,  the  olefines  come  off  at  only  sliglitly  raised  temperature  (about  30*  for  dibromoethane 
and  GO*  for  dichlorocthane  when  starting  from  sodium  diethyl  phosphite).  In  the  cases  of  sodium  dilsopropyl 
phosphite  and  sodium  dibutyl  phosphite,  the  olefin  separates  at  higher  temperature.  Mainly  diphosphonate  Is 
formed  at  the  temperatures  given  below. 

The  sequence  of  mixing  of  reactants  also  has  a  marked  Influence  on  the  direction  of  the  reaction.  The 
yield  of  diphosphonate  does  not  exceed  427o  if  dichloroethane  is  added  to  a  benzene  solution  of  sodium  diethyl 
phosplrite  and  the  mixture  is  heated  at  50-55*.  In  tliis  case,  the  diethyl  ester  of  ethylphosphinic  acid  and  salt- 
likc  products  are  formed  in  considerable  quantity  (the  saltlike  products  are  salts  of  esters  of  ethylenediphosphonic 
and  ethylphosphinic  acids).  On  the  other  hand,  tlic  yield  of  diphosphonate  increases  to  57,5*70  if  the  benzene  solu¬ 
tion  of  the  sodium  salt  is  slowly  added  to  dichloroethane  previously  heated  to  50-55*,  and  the  formation  of  ester 
of  ethylphosphinic  acid  and  of  saltlike  products  is  correspondingly  reduced. 

Esters  of  halodiethylphosphinic  acid  are  not  detected  when  sodium  diethyl  phosphite  is  added  to  dichloro- 
and  dibromoethane  in  any  excess.  This  is  evidently  due  to  the  greater  mobility  of  the  halogen  in  the  ester  of 
fl-haloethylphosphinic  acid  in  comparison  to  that  in  1,2-dihaloalkanes,  We  experimentally  confirmed  the  high 
mobility  of  halogen  in  esters  of  6-haloethylphosphinic  acid  in  a  study  of  the  reaction  of  sodium  diethyl  phosphite 
with  the  diethyl  ester  of  B -bromoethylphosphinic  acid,  Tliis  reaction  takes  place  under  very  mild  conditions, 
and  leads  to  diphosphonate  in  good  yield.  In  this  connection,  doubts  arise  as  to  the  correctness  of  the  data  of 
other  investigators  [4]  for  the  preparation  of  the  ester-salt  of  6 -bromoethylphosphinic  acid  by  the  reaction  of 
sodium  diethyl  phosphite  with  dibromoethane. 

Formation  in  this  reaction  of  a  neutral  ester  of  ethylphosphinic  acid,  together  with  ester  salts  of  ethyl¬ 
phosphinic  and  ethylenediphosphonic  acids,  is  accounted  for  by  alkylation  of  sodium  diethyl  phosphite  by  the 
tetraethyl  ethylencdiphosphonate  and  the  diethyl  ethylphosphonate  formed  in  the  reaction. 
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These  reactions  arc  similar  to  tlicse  that  v.’c  studied  i,i  coniiectio;:  v.-iih  alkylation  of  sodium  dialkyl  phos¬ 
phites,  with  small  additions  of  neutral  osiers  of  alky’pl'.osplu.nic  acids  [5],  and  ;/ilh  the  synthesis  of  mcthylencdi- 
pliosnlionates  [6],  With  the*  objective  of  confirming  the  alkylating  ability  of  tetraethyl  cthylencdiphosphonate, 
the  latter  was  heated  with  sodium  dictiiyl  pliorphlte.  From  the  reaction  mass  vras  isolated  the  ester  of  elhyl- 
phosphinlc  acid  yield),  and  this  was  convetted  to  the  dichloridc  (yield  80f«)  for  the  purpose  of  identification, 

Tlie  cause  of  the  increased  yield  of  neutral  ester  of  cthylencdiphosplicnic  acid  wh.en  the  usual  sequence  or 
mixing  of  reactants  is  reversed  can  be  understood  if  allov/ance  is  made  for  the  above-noted  alkylaiion  of  sodium 
dlnlkyl  pliospliite  by  neutral  esters  of  alkylpliospliinic  and  diphosphor-Ic  acids,  Th.ere  will  obviously  be  an  excess 
of  alkyl  halide  if  sodium  dialkyl  phosphite  is  slowly  added  to  a  heated  alkyl  halMe,  and  this  v/ill,  of  course,  en- 
siiic  rormation  of  neutral  ester  and  create  unfavorable  conditions  for  secondary  reactions  of  alkylation  of  sodium 
phosphite  by  the  diphosphon  ites  and  phosphonates  formed. 

The  presence  in  the  saltlikc  residue,  after  distillatioii  of  the  diphosphonatc,  of  ester-salts  of  elhylcncdi- 
pb'osplionic  and  ciliylphosp’ninic  acids  was  dernen'trated  by  treatment  of  this  residue  with  phosphorus  p-cntachlo- 
ridc.  This  trcatm.ent  converted  the  ester-salts  Into  the  corresponding  chlorides  of  ethylphcsphinic  and  ethylcnc- 
diphcsphonic  acids, which  were  isolated  and  chacacterizcd, 
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The  second  acid  chloride  was  identical  vtith  liic  one  easily  obtainable,  by  the  action  of  phosphorus  penta- 
chloride  on  tetraethyl  cthylencdiphosphcnatc. 
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Alkylation  of  sodium  dialkyl  pltospliitcs  by  dichloroethanc  v/as  a  route,  not  only  to  the  tetraethyl  ester,  but 
also  to  the  tetraisopropyl  and  tetrabutyl  esters  of  ctliylenedlphospl’onic  acid,  'Flic  letralscpropyl  ester  has  not 
previously  been  described,  Fsters  of  alkylphosphinic  acids  were  also  isolated  from  the  products  of  reaction.  Tills 
fact  again  demonstrates  the  high  alkylating  activity  of  diphosphonates. 


The  tetraethyl  ester  of  cthylencdiphosphomc  acid  v/as  also  obtaineil  by  alkylation  of  sodium  diethyl  phes- 
pliite  by  the  ester  of  3 -brorncethylphosplunic  acid.  It  should  be  noted  tliat,  la  this  case,  tlic  formation  of  dl- 
phosphenate  possibly  does  not  proceed  by  the  Michaclis— Becker  mechanism.  It  might  be  assumed  that,  under 
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the  influence  of  alkaline  reagents  under  the  reaction  conditions,  the  6-bromoethylphosphonate  is  converted  into 
an  ester  of  vinylphosphinic  acid,'  which  then  adds  on  the  dialkyl  phosphite.  This  reaction  also  possibly  takes 
place  during  alkylation  of  sodium  dialkyl  phospliitcs  by  1,2-dihaloalkanes, 

Esters  of  mcthylethylenediphosphonic  acid  were  prepared  by  addition  of  dialkyl  phosphites  to  allylphos- 
phonates  in  presence  of  sodium  alkoxides.  This  reaction  has  already  been  studied  [8]  and  the  previous  authors 
reported  that  reaction  of  dialkyl  phospliitcs  with  allylphosphonates  in  presence  of  alkoxides  goes  very  slowly  at 
90-100*,  and  is  considerably  speeded  up  at  130-140*.  Wc  established  that  the  rate  of  this  reaction  depends  not 
so  much  on  the  temperature  as  on  the  quantity  of  catalyst  added.  With  small  quantities  of  alkoxide,  the  reaction 
docs  not  go  to  completion  even  after  prolonged  heating  of  the  reaction  mixture  in  sealed  tubes  at  130-140*.  With 
larger  amounts  of  catalyst  the  reaction  is  completed  in  a  short  time,  and  the  diphosphonate  is  obtained  in  a  yield 
of  over  SO'V'’  (as  against  the  obtained  by  the  earlier  workers  [8]), 

Esters  of  allylphosphinic  acid  were  obtained  by  reaction  of  allyl  bromide  with  sodium  dialkyl  phosphites, 
Tliis  reaction  has  likewise  been  studied  previously  [8],  By  changing  the  sequence  of  mixing  of  reactants,  and  al¬ 
tering  the  thermal  conditions,  wc  succeeded  in  raising  the  yield  from  57  to  12,5%, 

EXPERIMENTAL 

Tetraethyl  ethylcnediphosphonate.  a)  To  31,5  g  of  dry  dichlorocthane  (heated  to  55*)  was  added  dropwlse, 
with  stirring  and  heating,  in  the  course  of  3  hr,  a  freshly  prepared  hot  solution  of  67,3  g  of  sodium  diethyl  phos- 
pliite  in  180  ml  of  dry  benzene.  After  addition  of  the  salt  solution,  the  reaction  mass  was  stirred  at  50-55*  for 
6  hr.  To  the  mixture  was  then  added  5  ml  of  water.  The  resulting  precipitate  was  filtered  off,  the  filtrate  dried 
over  magnesium  sulfate,  the  solvent  distilled  off,  and  the  residue  fractionated  in  vacuo.  Two  distillations  gave 
6.2  g  of  the  diethyl  ester  of  cthylphosphonic  acid  with  b.p.  83-84*  (9  mm),  d^®4  1.4160,  and  36,9  g  (59‘7o)of  tetra¬ 
ethyl  ethylcnediphosphonate  with  b.p,  164-165*  (1  mm),  d^°4  1.4438, 

b)  To  the  sodium  salt  of  diethylphosphorous  acid,  prepared  from  3,2  g  of  sodium  and  20  g  of  diethyl  phos¬ 
phite  in  10  ml  of  dry  ether,  was  added  dropwise  (with  stirring  and  iced- water  cooling)  34  g  of  the  diethyl  ester 
of  li -bromoethylphosplunic  acid  in  the  course  of  30  min.  Sodium  bromide  came  down  at  once.  The  mixture  was 
stirred  for  1  hr  at  18-20*.  The  precipitate  was  filtered  after  addition  of  a  few  drops  of  water  and  brief  stirring. 
Distillation  of  the  filtrate  gave  28  g  (67‘’/o)  of  tetraethyl  ethylcnediphosphonate  with  boiling  point  and  refractive 
index  identical  with  those  of  the  diphosphonate  obtained  from  dichlorocthane  and  sodium  diethyl  phosphite, 

c)  Starting  components  were  20,4  g  of  dibromocthanc  and  16,5  g  of  sodium  dicthylphospliite  in  45  ml  of 
dry  benzene.  Experimental  conditions  were  the  same  as  in  a,  except  that  the  addition  of  sodium  diethyl  phos¬ 
phite  to  dibromocthanc  was  performed  at  such  a  speed  that  the  temperature  of  the  mixture  did  not  rise  above  30*, 
and  the  reaction  mass  after  mixing  of  the  reactants  was  stirred  for  an  hour  at  25-30*.  Yield  of  tetraethyl  ethyl- 
enediphosphonate  2,5  g  (lO.d®/*’)  with  the  same  constants, 

d)  To  sodium  diethyl  phosphite,  prepared  from  45.2  g  of  diethyl  phosphite  and  9,2  g  of  metallic  sodium 
(wire),  in  150  ml  of  benzene  was  added  19,8  g  of  dichlorocthane  dropwise  with  stirring.  The  reaction  mass  was 
heated  at  50-55®  for  8  lu:,  after  which  100  ml  of  ligroine  was  added,  and  the  mixture  stood  overnight.  The  next 
day  the  precipitate  was  filtered  off,  the  solvent  distilled  off  from  the  filtrate,  and  the  residue  fractionated  in 
vacuo.  There  was  obtained  12,3  g  of  the  diethyl  ester  of  ethylphosphinic  acid,  16,1  g  (dO^o)  of  tetraethyl  ethyl- 
cnediphosphonatc,  and  10,4  g  of  a  saltlike  undistillable  residue  which  was  freed  of  sodium  chloride  by  dissolution 
in  absolute  alcohol.  The  saltlike  product  was  treated  with  phosphorus  pentachloride  for  the  purpose  of  identifica¬ 
tion. 


To  a  suspension  of  10  g  of  the  dry  salt  in  10  ml  of  phosphorus  oxychloride  was  added  28  g  of  phosphorus 
pentachloride  dropwise  with  shaking.  An  exothermic  reaction  took  place  and  ethyl  chloride  was  evolved.  The 
reaction  mass  was  heated  to  100*;  it  was  then  heated  in  a  sealed  tube  for  3  hr  at  120-130*.  A  stream  of  dry  sulfur 


*  The  diethyl  ester  of  vinylphosphinic  acid  was  obtained  by  M.  I,  Kabachnik  [7]  by  heating  an  ester  of  6-chloro- 
ethylphosphinic  acid  with  alcoholic  alkali.  He  recovered  part  of  the  original  ester  of  B -chloroethylphosphinic 
acid  unchanged.  We  repeated  these  experiments  and  established  that  the  substance  isolated  from  the  reaction  mix¬ 
ture,  and  assumed  by  Kabachnik  to  be  the  original  substance, is  the  diethyl  ester  of  ethoxyethylphosphonic  acid. 

This  product  could  be  formed  by  addition  of  alcohol  to  vinylphosphonate. 
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dtoxMc  v:^3  pnrccd  tlirou^h  the  m^ss  for  decomposition  cf  the  excess  of  pliospV.Oius  pcnt.icltloride  (until  heat  was 
no  tongcr  liberated).  The  sodium  cliloridc  was  removed  from  the  heated  solution  by  filtration.  Thionyl  chloride 
and  phosphorus  o.wchloru’e  were  distilled  off  foni  the  filtrate.  The  flask  was  theii  ccnnectcd  to  a  vacuuui 
thiongh  a  condciisc.r-trap  cooled  with  a  ijjixiiire  of  ice  and  -salt,  ajid  heated  to  100-120“,  Kthylphospliinyl  dl- 
chloride  was  isolated  front  the  condensate  by  fractionation, 

n.p.  71-72“  (12  mm),  J  .dVdO,  n^'^D  l.dOdl . 

Found':''.  Cl  -17.0.  d-S.l.  C2noOrCl2.  Calculated Cl  48.2. 

y^^tcr  the  distillation  of  the.  ethylphosphinyl  chloride,  the  residue  in  the  flask  v;as  a  solid  stibstance  which 
easily  dlssolvei'  in  plio  phorus  oxycbleiidc  on  heating.  RccrystalUv.ntion  from  phosphorus  oxychloride,  nmnerous 
wasiiings  wir.!i  dry  ether,  .'ual  drying  in  vacuo  gave  the  tetrachloride  of  ethylc!Kdiphosphoiuc  acid  as  a  white 
pov.’diT  with  ni.p.  105- lb7’  (decomp.). 

Found  ''h  F  23.32,  23.40;  Cl  53.61, 53.68.  CzlbiO^PoCl^.  Calculated  P  23.43;  Cl  53.80. 

The  chloride  was  p-oorly  soluble  in  common  organic  solvents  and,  thcre.fore,  the  best  solvent  for  recrystalli- 
■/ation  v;as  phosphorus  oxychloride. 

Alltylailoii  of  sodium  diethyl  phpj^pluto  by  tetraethyl  cthylcncdiplrosphonatc.  A  mixture  of  0.1  mole  of 
sodium  dictlryl  pliospliitc  and  0.1  mole  of  tetraethyl  ctliylencdipliosplionate  in  30  ml  of  benzene  was  heated  at 
70-80“  for  8  lir.  After  the  solvent  had  been  distilled  off,  the  flask  was  connected  to  a  vacuum  (1-2  nun)  via  a 
conJcnscr-trap  cooled  v/ith  a  mixture  of  icc  and  salt,  and  lieated  for  30  niln  on  a  boiling  bath.  Fractionation  of 
the  condensate  gave  6.65  g  (dO'/h)  of  the  diethyl  ester  of  cthylphosplunic  acid;  b.n.  85-86“  (12  nmi).  Treatment 
of  this  ester  witli  phospliorus  pcntachloride  gave  ethylphosphinyl  dichloride  (80'7<j  yield),  which  was  idetrtified 
from  its  boiling  point,  specific  gravity,  refractive  index,  and  clilorinc  content. 

The  residue  in  the  flask  was  a  vitreous  mass  containing  the  cstcr-salt  of  ethylcncdiphosphonic  acid.  The 
latter  could  not.  liowcvcr,  be  isolated  in  the  pure  form, 

Teirais<ipioj)yl  (Mliylenediphosphonate.  To  a  solution  of  16.6  g  of  dicliloroeihane  in  20  ml  of  benzene, 
licatcd  to  70  30“,  v.’.is  sluv/ly  addcfl  a  freshly  prepared  ben/enc  solution  of  sodium  uiisupropyl  phospldte,  prepared 
from  7,7  g  of  sodium  wire  and  55,6  g  of  diisopropylpliosphorous  acid  in  150  ml  of  benzene.  For  completion  of  the 
reaction  tlie  mixture  was  heated  at  the  same  temperature  for  5  lir.  Water  was  then  added  to  the  reaction  mass 
(with  cooling)  until  th('.  precipitate  tlissolved.  The  henzenc  layer  was  separated,  washed  with  5*7050611101  carbon¬ 
ate  solution  and  then  with  water,  and  dried  over  calcined  magnesium  sulf-ite.  After  the  solvent  had  bcc;i  distilled 
off,  the  residiH’.  was  fractionated  in  vacuo.  Two  fractions  were  collected;  1st,  60-64“  (1  mm),  0  g;  2nd,  140  to 
150“  (0 .4-0.5  mm),  32  g.  The  first  fraction  consisted  mainly  of  the  diisopropyl  ester  of  isoptopylphosplunic  acid, 
Ri  distillation  of  the  second  fraction  gave  28  g  (46,7*70  of  tctraisopropyl  ethylencdiphosphonate, 

B.p.  1  ’1-145"  (0.4  mm),  d^^  1.0453,  n^^D  1.4820,  88.94;  calc.  88.59. 

Found  *7z  P  17.45.  17.40,  CiiHa^OcPa.  Calculated  ‘7<^.  P  17.30, 

The  ester  is  easily  soluble  in  organic  solvents  and  poorly  soluble  in  water. 

Tetrabutyl  ethylencdiphosphonate.  From  11,5  g  of  metallic  scdiinn,  97  g  of  dihutyl  phosphite, and  25  g  of 
dicliloroethanc,  under  similar  conditions  to  those  in  the  synthesis  of  tctraisopropyl  ethylencdiphosphonate,  was 
obtained  -12.5  g  (41*7');  b.p.  202-204“  (3  mm);  d’°4  1,0238,  n^^D  l,-^bl03.  The  ester  was  identical  with  the  sub¬ 
stance  previously  obtained  in  insignificant  yield  by  reaction  of  trihntyl  phosphite  with  dibroinocthane  [9], 

Tctraetbylmcthyl  ethylencdiphosphonate.  a)  To  a  mixture  of  16.2  g  cf  diethyl  ester  of  allylphosphinic 
acid  and  12,5  g  of  diethyl  phosphite  was  added  (dropwisc  with  shaking)  a  saturated  alcoholic  solution  of  so<lium 
ethoxide  until  heat  ceased  to  be  liberated  (about  3  ml  of  catalyst  was  added  in  all).  After  heating  on  a  boiling 
water  bath  for  30  min,  the  reaction  mass  was  distilled  in  vacuo  to  give  23,2  g  (82*7);  b.p.  164-1G5*  (3  mm), 

b)  A  niixture  of  15  g  of  diethyl  allylphosphonatc,  11.7  g  of  diethyl  phosphite,  and  1  ml  of  saturated  alco¬ 
holic  sodium  alkoxide  solution  was  heated  in  a  scaled  tube  for  4  hr  at  130-140*.  Two  fractions  were  collected 
on  distillation:  1st,  60-95"  (2  mm),  20  g;  2ncl,  163-166"  (2  mm),  4  g.  The  second  fraction  consisted  mainly  of 
diphosphonate,  while  the  second  was  a  mixture  of  starting  reactants.  To  this  mixtnrc  was  added  2.5  ml  of 
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saturated  alcoholic  sodium  alkoxlde  solution;  considerable  heat  was  liberated.  Distillation  gave  14  g  of  tetra¬ 
ethyl  ester  of  methylethylenediphosphonic  acid  with  b,p,  164-165*  (3  mm). 

Diethyl  allylphosphonatc.  To  a  solution  of  27,6  g  of  allyl  bromide  in  50  ml  of  dry  benzene  was  added, 
with  stirring,  a  freshly  prepared  solution  of  35,8  g  of  sodium  diethyl  phosphite  in  100  ml  of  benzene  at  such  a 
rate  that  the  temperature  of  the  reaction  mass  did  not  rise  above  25*.  For  completion  of  the  reaction,  the  mix¬ 
ture  was  stirred  for  30  min  at  18-20*;  tliis  was  followed  by  addition  of  a  few  milliliters  of  water,  A  dense  layer 
of  salt  separated  and  was  filtered  off.  The  filtrate  was  dried  over  calcined  magnesium  sulfate  and  distilled  in 
vacuo.  Two  fractions  were  collected:  1st,  77-80*  (2  mm),  30.5  g;  2nd,  158-160*  (2  mm),  3  g,  Redistlllatlon  of 
the  first  fraction  gave  29  g  (73*70)  of  diethyl  ester  of  allylphosphonic  acid  with  b,p,  78-79*  (2  mm),  d*®4  1.0356, 
n*°D  1.4350,  The  second  fraction  consisted  mainly  of  the  tetraethyl  ester  of  methylenedlphosphonlc  acid, 

SUMMARY 

1,  A  method  was  developed  for  preparation  of  ethylenediphosphonates  Involving  reaction  of  sodium  dialkyl 
phosphites  with  dichloroethane. 

2,  The  method  of  preparation  of  esters  of  allylphosphonic  and  methylethylenediphosphonic  acids  was  im¬ 
proved. 
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5-Halogenated  quinolines,  in  particular  5-bromoquinollne,  are  usually  obtained  by  the  Skraup  method.  In 
spite  of  the  simplicity  of  this  general  method  of  preparation  of  quinoline  derivatives  and  the  good  yields  of  pro¬ 
ducts,  considerable  difficulties  arise  in  some  cases  in  the  isolation  of  the  products  from  the  reaction  mixture,  and 
in  the  separation  of  isomers.  Due  to  the  large  volumes  of  reaction  liquids  in  Skraup's  synthesis  of  5-bromoqulno- 
line,  which  Involves  a  series  of  steps,  prolonged  distillation  with  steam  is  necessary,  and  this  must  be  followed  by 
ether  extraction  of  the  5-bromoqiunoline  from  the  large  volume  of  distillate.  The  5-  and  7-isomers  are  formed 
in  approximately  equal  quantities  and  must  be  separated.  Their  separation  by  the  literature  method  [1]  is  very 


•Original  Russian  pagination.  See  C.B,  translation. 
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rou^h.  Even  after  tu’o  repetirtCrlo  of  the  operatiCii,  the  5 -Lromoqulnoline  is  contaminated  witl  7-bromoquinollnc, 
Losses  of  5-bromoquinoline  are  considerable:  Part  of  the  product  remains  in  the  mother  liquor,  and  part  is  mixed 
with  the  7-brornoqL’ino3inc.  The  net  result  is  that  the  yield  of  pure  5-bromoquinoline  does  not  exceed  10-207o, 
calculated  on  the  m-bromoaniline. 


Some  investigators  prefer  to  prepare  5-bromoquinoline  by  diazotization  of  5-amiuoquinoline,followed  by 
replacement  of  the  diazo  group  by  bromine  [2].  5-Aminoquinoline  is  not  a  readily  available  substance;  it  can 
be  prepared  by  reduction  of  5-nitroquinoline,wliich  in  turn  is  obtained  by  nitration  of  quinoline  (in  admixture 
with  8-niiroqiiinoline,  from  which  it  must  be  separated)  [3,4],  'Fire  two  nitroqtiinolines  are  separated  from  one 
another  by  crystallization  from  dilute  ni'rlc  acid.  In  the  present  case,  the  separation  of  the  isomers  is  fairly 
satisfactory,  but  the  subsequent  reduction  of  5-nitroquinoline  to  5-aminoquinoline,  in  spite  of  its  apparent  funda¬ 
mental  simplicity,  is  unsatisfactory.  Reduction  of  5-nitroquinoiine  has  been  effected  with  stannous  chloride  in 
5070  yield  or  with  iron  in  presence  of  acetic  acid  [4],  Our  own  numerous  experiments  on  reduction  of  5-nitro¬ 
quinoline  under  various  conditions  were  always  accompanied  by  considerable  resinification,  and  the  yields  of  5- 
-aminoquinoline  did  not  exceed  15- 207°.  The  step  of  replacement  of  the  amino  group  by  bromine  in  5-amino- 
qiiinolinc  has  also  given  variable  results, with  yields  of  5-bromoquinoline  of  between  15  and  607>. 

We  made  an  attempt  to  develop  a  method  of  preparation  of  5-bromoquinoline  from  8-amlnoquinoline,  The 
latter  has  become  readily  accessible  on  the  basis  of  the  method  of  N,  N.  Vorozhtsov  and  I,  M,  Kogan  [6]  for 
amination  of  8-hydroxyquinoline  with  ammonia  in  presence  of  ammonium  bisulfite,  G,  I,  Mikhailov  [7]  im¬ 
proved  this  method,  and  raised  the  yield  of  8-aminoquinoline  to  81-837o.  Hindis  [8]  raised  the  yield  of  8-amlno¬ 
quinoline  to  937o.  Our  experiments  cn  the  preparation  of  8-aminoquinollne  by  Mikhailov's  modification  gave  re¬ 
sults  in  general  agreement  with  this  author. 

The  following  scheme  for  synthesis  of  5-bromoquinoline  may  be  proposed; 
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Claus  and  Setzer  found  that  bromination  of  8-amlnoquinoline  in  the  cold  in  a  medium  of  acetic  acid  or 
chloroform  leads  to  5,7-dibromo-8-aminoqninoline  [9],  The  same  authors  found  that  a  monobromo  derivative 
can  be  obtained  by  bromination  of  8-acetylaminoquinoline,  In  this  case,  the  bromine  is  exclusively  In  the  5- 
position.  Acetylation  of  8-aminoquinolinc  is  effected  with  acetic  anhydride  in  a  medium  of  acetic  acid. 
Acetylation  in  benzene  gives  the  best  results.  The  product  is  obtained  in  good  yield,with  m,p,  104*  (the  litera¬ 
ture  [10]  gives  103*),  but  does  not  crystallize  completely  from  the  mother  liquor.  Since  excess  acetic  anhy¬ 
dride  and  benzene  do  not  interfere  with  bromination  of  8-acetylaminoqulnollne  and  serve  as  solvents,  bromina¬ 
tion  was  subsequently  effected  without  isolation  of  the  intermediate  8-acetylaminoquinoline,  and  the  two  steps 
were  combined.  In  this  manner,  the  yield  of  5-bromo-8-acetylaminoquinolIne  can  be  raised  to  85-98,5‘](», 


Tlie  acetyl  group  is  split  off  by  heating  with  hydrochloric  acid.  The  resulting  5-bromo-8-aminoquinollne 
is  diazotized  in  sulfuric  acid  solution  in  presence  of  alcohol  as  the  reducing  agent  needed  for  replacement  of  the 
diazo  group  by  hydrogen.  With  the  objective  of  increasing  the  yield  of  5-bromoquinolIne,  experiments  were  run 
with  other  reducing  agents  often  employed  for  this  purpose  —  stannous  chloride  and  hypophosphorous  acid  [11], 
The  latter  led  to  considerable  resinification  of  the  reaction  mixture,  and  to  lowering  of  the  yield  of  5-bromo¬ 
quinoline, 
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EXPERIMENTAL 


Acetylation  of  8-amlnoquinollne.  A  solution  of  10  g  of  8-aminoqulnoline  In  a  mixture  of  20  ml  of  benzene 
and  20  ml  of  acetic  anhydride  was  refluxed  for  30  min, 

Bromination  of  8-acetylaminoqiiinoline.  Into  the  above  solution  (which  contained  a  small,  yellowish, 
crystalline  deposit)  was  run  25  ml  of  glacial  acetic  acid  with  cooling  to  —2  to  0*  In  a  mixture  of  ice  and  salt.  In 
the  course  of  30  min,  with  intensive  stirring  by  a  mechanical  stirrer,  3,5  ml  of  bromine  in  20  ml  of  glacial  acetic 
acid  was  slowly  added  dropwise,  while  the  temperature  was  held  at  not  higher  than  0*.  An  orange-yellowish  pre¬ 
cipitate  came  down.  The  mixture  was  diluted  with  three  times  its  volume  of  iced  water,  and  made  alkaline  with 
NaOH  solution  to  pH  9;  some  heat  was  liberated  during  this  operation,  and  the  color  of  the  precipitate  became 
grayish  ,  After  complete  cooling,  the  5-bromo-8-acetylamlnoquinoline  was  filtered,  washed  on  the  filter  with 
water,  and  dried  on  filter  paper.  The  product  had  m,p,  137*  (the  literature  gives  140*),  Yield  85-92%, 

Cleavage  of  acetyl  group  from  5-bromo-8-acetylaminoquinoline  and  replacement  of  the  amino  group  by 
hydrogen.  A  solution  of  17  g  of  5-bromo-8-acetylaminoquinoline  in  150  ml  of  concentrated  hydrochloric  acid 
in  a  one-liter  Erlenmeyer  flask  was  refluxed  for  30  min.  The  mass  was  cooled  to  room  temperature  and  diluted 
with  three  times  its  volume  of  iced  water.  Bright-red  crystals  of  5-bromo-8-aminoquinolinc  hydrochloride  came 
down.  After  filtration,  the  precipitate  was  suspended  in  a  mixture  of  175  ml  of  ethanol  and  50  ml  of  concentrated 
sulfuric  acid,  and  cooled  to  0*  in  an  ice  bath.  At  this  temperature  (cooling  in  the  ice  bath  was  continued),  a  so¬ 
lution  of  6  g  of  sodium  nitrite  in  10  ml  of  water  was  slowly  added  in  the  course  of  20-25  min  with  intensive  stir¬ 
ring.  After  completion  of  the  addition,  the  flask  was  stood  for  30  min  in  the  ice  bath;  the  solution  turned  dark 
red.  To  the  reaction  mixture  was  then  added  5  g  of  copper  powder,*  Nitrogen  at  once  started  to  come  off.  After 
the  lapse  of  25  min,  the  flask  was  connected  to  a  reflux  condenser  and  heated  on  a  water  bath  for  about  an  hour, 
until  evolution  of  nitrogen  ceased.  After  cooling,  the  reaction  mass  was  transferred  to  a  two-liter  flask;  120-130 
ml  of  20'a>  sodium  hydroxide  solution  was  added  (to  give  an  alkaline  reaction),  and  the  5-bromoquinollne  was 
distilled  off  with  steam.  Alcohol  came  over  at  first  and  contained  approximately  V3  of  the  5-bromoquinoline, 
Distillation  with  steam  was  continued  into  the  same  receiver  until  the  whole  of  the  5-bromoqulnoline  had  come 
over  (until  no  further  turbidity  was  observed).  At  this  stage  the  volume  of  distillate  was  one  liter.  After  cooling 
(n-1  hr),  tlie  crystallizing,  colorless  5-bromoquinollnc  was  filtered  and  dried  on  filter  paper  at  room  temperature, 
M.p.  43-45“  (the  literature  gives  48*),  Yield  40-51%, 

This  step  can  be  simplified.  After  decomposition  of  5-bromo-8-acetylaminoquinoline  with  hydrochloric 
acid,  the  diazotization  of  the  resulting  5-bromo-8-aminoquinoline  can  be  performed  in  the  same  hydrochloric 
acid  medium  in  presence  of  the  above-mentioned  quantity  of  alcohol  and  sulfuric  acid. 

In  this  somewhat  simplified  variant,  the  yields  of  5-bromoqulnoline  are  56-44%, 

SUMMARY 

A  method  was  developed  for  preparation  of  5-bromoquinoline. starting  from  8-aminoquinoline,  The  acetyl 
derivative  of  the  latter  was  brominated  to  5-bromo-8-acetylaminoquinoline,  The  acetyl  group  was  then  split  off 
and  the  amino  group  eliminated  via  the  dlazo  compound  to  give  5-bromoquinoline, 
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Thin  copper  turnings  result  in  a  much  lower  yield  of  5-bromoquinoline, 
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Recently  [1],  we  synthesized  2,3-tctralonecarboxylic  acid  (I)  in  quite  good  yield  by  the  indirect  electro- 
reduction  of  2,3-naphtholcrrboxylic  acid,  Tliis  previously  unknown  6-keto  acid  could  possess  considerable  inter¬ 
est  as  the  starting  product  for  the  synthesis  of  various  polycyclic  compounds,  including  the  heterocyclic  type. 
However,  the  instability  of  this  acid  (it  decomposes  when  heated  above  110*,  and  in  aqueous  solutions  at  even 
lower  temperatures,  with  the  formation  of  S-tctralone  and  COj)  complicates  its  direct  use  for  synthetic  purposes. 

We  worked  out  a  method  for  the  conversion  of  2,3-tetralonecarboxyllc  acid  to  its  methyl  ester  (II),  an  en¬ 
tirely  stable  compound,  which  may  be  used  for  accomplishing  syntheses  that  are  characteristic  of  esters  of  6-keto 
acids.  We  obtained  the  methyl  ester  of  2,3-tetralonecarboxylic  acid  in  74-757o  yield  by  reacting  an  ether  solu¬ 
tion  of  acid  (I)  with  diazomethane.  To  prove  the  structure  of  ester  (n),  we  subjected  it  to  ketonic  cleavage, 
where  the  expected  8-tetralone  (V)  was  obtained. 

An  attempt  to  obtain  the  same  ester  by  the  esterification  of  2,3-tetralonecarboxylic  acid  with  methyl  al¬ 
cohol  in  the  presence  of  dry  hydrogen  chloride  revealed  that  here  the  main  reaction  product  is  the  dimethyl  ester 
of  the  enolic  form  of  2,3-tetralonecarboxylic  acid  (HI).  Only  small  amounts  of  the  monomethyl  ester  (II)  are 
formed  under  these  conditions. 


A  similar  alkylation  of  the  enolic  group  using  alcohol  and  acid  was  also  observed  earlier  for  compounds 
that  are  capable  of  existing  in  both  the  ketonic  and  the  enolic  form.  Thus,  for  example,  acetoacctic  ester  under 
similar  conditions  smoothly  forms  the  esters  of  8-hydroxycrotonlc  acid  [2], 
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CllaCClIaCOOCalls 


CHaOH 

IH*] 


OCII3 

I 

cn3f>=aicooc2ii5-f  lijO 


We  also  obtained  the  methyl  ester  of  2-methoxy-l,4-dihydro-3-naphthoic  acid  (III)  by  reacting  the  mono¬ 
methyl  ester  of  2,3-tetralonecarboxylic  acid  (II)  with  methyl  alcohol  in  the  presence  of  hydrogen  chloride.  It 
was  established  by  us  that  the  hydroxyl  group  in  2,3-hydroxynaphthoic  acid  or  in  the  methyl  ester  is  not  alkylated 
under  such  conditions. 

The  saponification  of  dimethyl  ester  (III)  gave  2-methoxy-l,4-dIhydro-3-naphthoic  acid  (IV), 

To  prove  the  structure  of  these  compounds  (in-IV),  the  methyl  ester  of  2-methoxy-l,4-dihydro-3-naphthoic 
acid  (III)  was  dehydrogenated  by  heating  with  sulfur  at  200-240*,  followed  by  saponification  of  the  obtained  pro¬ 
duct  to  yield  2-mcthoxy-3-naphthoic  acid  (VI), 


OCII;, 


(III) 


OCII.1 


5"/oKon 


Acid  (VI)  had  the  same  melting  point  as  that  given  in  the  literature  [6], 


(VI) 


EXPERIMENTAL 

Methyl  ester  of  2.3-tetraloriecarboxylic  acid  (II).  An  ether  solution  of  dIazomethane  (from  90  ml  of 
KOI!  solution,  300  ml  oi  ether,  and  15  g  of  N-nitrosomethylurea)  [3]  was  added  slowly,  with  mechanical  stirring, 
to  a  solution  of  30  g  of  2,3-tetraloni'carboxylic  acid  [rccrystallized  from  CCI4,  m.p,  110-113*  (dccomp,)]  in 
400  ml  of  ether  cooled  to  0*.  The  temperature  was  kept  below  8*.  The  mixed  solutions  were  allowed  to  stand 
overnight  in  the  refrigerator.  The  next  day,  the  solution  was  treated  with  10  ml  of  glacial  acetic  acid  (until  acid 
to  litmus)  to  decompose  the  excess  ciiazomethane.  The  ether  solution  was  washed  with  water,  then  with  saturated 
;odium  bicarbonate  solution  (twice),  again  with  water,  and  finally  it  was  dried  over  Na2S04.  The  ether  was 
distilled  off.  The  residue  in  the  flask,  a  yellow-red  oil  (29,7  g),  started  to  crystallize  within  a  day  as  coarse 
tetragonal  plates.  The  crystals  were  filtered,  washed  with  methyl  alcohol,  and  rccrystallized  from  methanol. 

Yield  24.1  g  (74.5'’/p).  M.p.  49*.  A  solution  of  the  compound  in  methyl  alcohol  gives  a  yellow-green  color  with 
aqueous  FeC^  solution.  Tlie  compound  is  soluble  in  alkali,  and  decolorizes  bromine  water. 

Found  C  70.09,  70.84;  11  5.08,  5.83.  C12II12O3.  Calculated  C  70.03;  H  5.92. 

2.4- Dinitrophenylhydrazone.  Obtained  as  orange  needles  (from  alcohol);  m.p,  163-164*. 

Found ‘’/V.  N  14.70,  14.79.  C,8HieO(;N4.  Calculated  <70;  N  14.58. 

Kctonic  cleavage.  A  mixture  of  3  g  of  ester  (II)  and  25  ml  of  KOH  solution  was  heated  under  reflux 
for  1  hr.  The  reaction  mixture  was  then  acidified  and  steam  distilled.  The  steam-distilled  oil  was  extracted 
with  ether,  the  ether  solution  dried  over  Na2S04,  the  solvent  removed  by  distillation,  and  the  residue  was  vacuum 
distilled.  Yield  1.7  g  (79'yp).  M.p.  99-101*  (2  mm),  n^°D  1.5597. 

2.4- Dinitrophenylhydrazonc:  m.p.  147-148*.  For  8-tetralone,  b.p.  111-115*  (5  mm)  [4];  n^°D  1,5594  [5], 
The  2,4-dinitrophenylhydrazone  has  m.p,  147-148*  [1],  The  mixed  melting  point  was  147-148*. 

Methyl  ester  of  2-methoxy-l,4-dihydro-3-naphrhoic  acid  (III).  Method  I.  Methanol  (500  ml)  was  satu¬ 
rated  with  dry  hydrogen  chloride  until  the  weight  increase  was  90  g.  The  solution  was  cooled  to  room  tempera¬ 
ture,  then  50  g  of  2,3-tetralonecarboxylic  acid  was  added,  and  the  whole  allowed  to  stand  for  two  days.  After 
this,  the  dark  reaction  mass  was  poured  into  1,5  liters  of  ice  water.  The  obtained  oil  was  extracted  with  benzene. 
The  benzene  extracts  were  cooled  to  0*,  and  then  treated  with  cold  (—5*)  5*7o  KOH  solution  (about  10  times)  un¬ 
til  the  test  with  FeClj  was  negative.  After  this,  the  benzene  solution  was  washed  with  water  and  then  dried  over 
Na2S04,  The  benzene  was  removed  by  distillation  and  the  residual  oil  (45,3  g)  was  vacuum  distilled.  The  follow¬ 
ing  fractions  were  obtained:  1st,  120-132*  (1  mm),  5,2  g;  a  mixture  of  fl-tetralone  and  the  diester;  2nd,  132  to 
136*  (1  mm),  37,1  g;  a  liquid  that  quickly  crystallized  to  a  solid  mass  (diester  ni);and3rd,  140-190*(12mm),1.5g, 
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The  second  fraction  was  recrystallized  twice  to  give  long,  coarse  crystals  with  m.p,  69-60*,  The  reaction 
witli  Fi,Cl3  was  ntgaiive;  also,  tlie  compou.'id  did  not  dccoloiise  LiOinine  water. 

Found  %  C  71,50,  71,53;  H  6,63,  6,62,  C13H14O3,  Calculated  %  C  71,52;  H  6,47. 

The  yield  of  dimethyl  ester  (III),  based  on  the  second  fraction,  v/as  G4,67o. 

The  alkaline  extracts  were  poured  into  lO^yo  acetic  acid.  The  obtained  oil  was  extracted  with  ether.  The 
ether  layer  was  washed  with  water,  then  with  saturated  NaHC03  solution,  again  with  water,  and  then  dried  over 
Na2S04,  Removal  of  the  ether  by  distillation  left  6,05  g  of  an  oil,  which  crystallized  on  cooling.  The  crystals 
were  washed  with  methyl  alcohol.  M.p,  46-48*.  The  mixed  melting  point  with  ester  (II)  was  not  depressed. 

Method  II.  A  solution  of  10  g  of  the  methyl  ester  of  2,3-tetralonecarboxylic  acid  In  170  ml  of  methyl  al¬ 
cohol  containing  40  g  of  dry  HCI  was  allowed  to  stand  at  room  temperature  for  two  days,  after  which  It  v;as 
poured  into  500  ml  of  ice  water.  The  obtained  oil  was  extracted  with  benzene.  To  remove  unreacted  ester,  the 
benzene  extracts  were  washed  several  times  v.'ith  57°  KOH  solution  (until  the  test  with  FeCl3  was  negative),  then 
several  times  with  water,  and  finally  dried  over  Na2504.  The  solvent  was  removed  by  distillation,  and  the  residu¬ 
al  oil  (10.43  g)  was  vacuum  distilled,  B.p,  173.5-175"  (13  mm),  9.53  g,  crystals,  m.p,  54-56*.  After  rccrystalU- 
zation  from  methyl  alcohol,  m.p.  59-60®.  The  mixed  melting  point  with  diester  (III),  obtained  from  2,3-tetra¬ 
lonecarboxylic  acid,  was  59-60*. 

2-Methoxy-l,4-dihydro-3-naphthoIc  acid  (IV).  A  mixture  of  2,5  g  of  diester  (III)  and  25  ml  of  57o  KOH 
was  heated  for  1.5  hr  until  complete  solution  was  obtained.  The  obtained  solution  (dark-colored)  was  boiled  with 
activated  carbon  and  filtered.  The  filtrate  was  acidified  with  IO70CH3COOH,  The  resulting  dark  oil  crystallized 
after  several  hours.  The  crystals  were  filtered  (1,5  g),  and  then  purified  by  washing  with  carbon  tetrachloride  on  a 
porous  plate.  Fine  white  crystals  (1.25  g)  with  m.p,  122-123*  were  obtained  in  this  manner.  The  test  with  FeCls 
was  negative;  bromine  water  was  decolorized. 

Found  7^  C  70,61,  70,78;  H  6.08,  5,79;  acid  number  266,  C12H12O3,  Calculated  To:  C  70,60;  H  5,92;  acid 
number  274, 

Dehydrogenation  of  mclliyl  ester  of  2-mctho'xy-l,4-dihydro-3-naphthoic  acid  (III),  A  mixture  of  2,5  g  of 
diester  (III)  and  0,31  g  of  sulfur  in  a  small  flask  fitted  with  a  reflux  condenser  was  heated  in  a  metal  bath  at 
200-210"  for  2  hr  and  at  240-250"  for  1  hr.  After  cooling,  the  reaction  mass  was  dissolved  in  ether,  the  ether  so¬ 
lution  treated  with  57®  KOH  solution  to  remove  acidic  products,  then  washed  with  water,  and  finally  dried  over 
Na2S04,  The  ether  was  removed  by  distillation,  and  the  residual  oil  (2  g)  was  heated  with  20  ml  of  KOH  so¬ 
lution  for  1.5  hr,  until  nearly  complete  solution  had  been  obtained.  The  reaction  mass  was  cooled,  treated  with 
ether,  and  the  lower  (alkaline)  layer  was  acidified  with  107'’  H2SO4,  A  pale-yellow  precipitate  was  obtained  al¬ 
most  immediately.  The  crystals  were  filtered  and  dried  in  the  air.  Yield  1,4  g,  M.p,  131-133";  after  recrystalli¬ 
zation  from  CCI4,  m.p,  134-136*. 

Found  7<?  C  70.85,  70.77;  H  4.99,  4.91.  Cj^HioGa.  Calculated  %  C  71.29;  H  4.98.  2-Methoxy-3- 
-naphthoic  acid  has  m.p,  134-135*  [6], 

SUMMARY 

1,  A  method  was  developed  for  the  conversion  of  2,3-tetralonccarboxylic  acid  to  its  methyl  ester  by  re¬ 
acting  the  acid  with  diazomethanc  in  ether  solution, 

2,  It  was  shown  that  the  main  reaction  product  when  2,3-tetralonecarboxylic  acid  is  esterified  with  methyl 
alcohol  in  the  presence  of  dry  hydrogen  chloride  is  the  dimethyl  ester  of  the  enol  form  of  2,3-tetr3lonecarboxylic 
acid. 


3,  The  structure  of  the  methyl  ester  of  2,3-tetralonecarboxylic  acid  was  show’n  by  Its  conversion  to  0- 
-tetralone,  while  the  structure  of  the  methyl  ester  of  2-methoxy-l,4-dihydro-3-naphthoic  acid  was  shown  by  its 
dehydrogenation  with  sulfur,  followed  by  saponification  to  2-mcthoxy-3-naphtholc  acid. 
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In  previous  papers  [1,2]  we  proposed  a  method  for  obtaining  4-aryl-2,3,6,5-dibenzoylenepyridInes  by  the 
reaction  of  arylideneindandiones  with  ammonium  acetate,  and  we  also  elucidated  the  mechanism  of  this  fairly 
complex  reaction.  A  more  detailed  study  of  4-phcnyl-2,3,6,5-dibenzoylenepyridine  (I)  and  its  derivatives  was 
made  in  the  second  paper  [2].  Some  of  these  compounds  show  profound  changes  in  color  when  reacted  with  either 
alkali  or  acid,  wliich  is  apparently  linked  with  corresponding  changes  in  their  structure.  The  present  paper  Is  de¬ 
voted  to  a  study  of  the  finer  structure  of  these  compounds. 

It  had  already  been  mentioned  earlier  that  yellow  or  orange  4-phenyl-dIbcnzoylenepyrIdlnes  having  a  hy¬ 
droxyl  group  in  either  the  ortho-  or  the  para-position  of  the  phenyl  radical  are  soluble  In  alcoholic  alkalies  with 
either  a  red  or  a  reddish-violet  color,  whereas  the  m-hydroxy  compound  falls  to  give  any  deepening  of  the  color 
when  treated  with  alkalies.  Compounds  containing  the  methoxy  group  prove  to  be  itisoluble  in  alkalies.  Using 
the  general  procedure,  we  also  synthesized  4-(p-dimethylaminophenyl) -2,3,6, 5-dibenzoylenepyridine  (II).  In 
contrast  to  all  of  the  other  4-phenyl-dibenzoylenepyridines,  this  compound  is  colored  dark  brown  and  gives  yel¬ 
low  salts  when  treated  with  acids.  These  salts  are  easily  hydrolyzed,  which  indicates  that  the  original  compounds 
arc  weak  bases.  We  also  synthesized  4-(p-dimcthylamino-m-nitrophenyl)-2,3,6,5-dibenzoylenepytidine  (III). 
This  compound  is  orange -colored  and  is  more  difficultly  soluble  in  mineral  acids  than  the  preceding. 


(1)  X  =  H,  (ID  X  =p  N(rH,h:  (HI)  X=p-N(CH,),; 
;h-NU,;  (X)  X  =o-On.  (XI)  X=Ji«(OH): 

(XII)  X  =o-o<:h,:  (XIII)  X  =o-oh:  ;<*-och,. 


•Original  Russian  pagination.  See  C,B,  translation. 
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In  order  to  understand  the  properties  and  color  of  these  compounds,  it  is  necessary  to  start  with  an  examina¬ 
tion  of  analogous  phenomena  existing  for  the  original  compounds  in  this  series,  namely,  the  arylideneindandiones, 
since  here  we  encounter  a  completely  analogous  change  in  the  color. 

All  of  the  arylideneindandiones  used  by  us  to  prepare  the  phcnyl-dibcnzoylenepyridines  were  either  yellow 
or  orange  in  cclor,  with  the  exception  of  the  dark-red  p-dimethylaminobenzalindandione,  A  yellow  solution  of 
the  salt  is  formed  v,’hcn  the  latter  is  dissolved  in  acid  ,  The  salt  is  unstable  and  is  hydrolyzed  with  ease  when  the 
solution  is  diluted  with  water.  The  compound  does  not  form  salts  with  weak  acids,  for  example,  acetic  acid,  or 
with  very  dilute  mineral  acids,  which  indicates  the  weakly  basic  character  of  the  compound. 


Here  the  electron-donor  properties  of  the  ditnethylamino  group  are  weakened  considerably  because  of  con¬ 
jugation  with  the  carbonyl  groups  (IV ),  Conjugation  of  the  nucleophilic  dlmethylamino  group  with  the  electro¬ 
philic  carbonyl  groups  is  the  reason  for  the  color  of  the  mentioned  compound. 


The  absorption  spectra  of  p-dlmethylaminobenzalindandionc  and  many  other  arylideneindandiones  were 
studied  by  Radiilcscu  and  Georgescu  [3J,  Whereas,  for  most  benzalindandionos,  the  absorption  maxima  are  located 
in  the  ultraviolet  region  at  350-375  mji ,  in  the  case  of  p-dimethylamlnobenzallndandlone  the  absorption  of  light 
occurs  even  in  the  visible  region  (X-niax  "  nn/i ), 

To  be  sure,  in  connection  with  the  mutual  effect  of  the  dlmethylamino  and  carbonyl  groups,  the  distribution 
of  the  electron  density  in  the  dimelhylamincbenzalindandione  changed,  and  the  above-given  formula  (IV)  no 
longer  reflects  its  structure,  With.out  a  doubt,  the  molecule  acquired  a  more  polar  character,  and  it  must  be  as¬ 
sumed,  as  had  already  been  indicated  by  Brooker  [4],  that  the  correct  structure  with  a  true  distribution  of  the  elec¬ 
tron  density  will  occupy  an  intermediate  position  between  the  two  possible  extreme  structures  (A)  and  (B), 

f 

H 

(A)  0  (8) 

As  is  known,  the  phenomenon  of  solvatochromlsm  makes  it  possible  at  times  to  judge  as  to  the  bipolar  struc¬ 
ture  of  molecules  [5,G].  A  study  of  the  solvatochromlsm  of  p-dimcthylaminobcnzalindandione  (IV)  reveals  that 
its  electronic  density  is  closer  to  the  nonionic  structure  (A)  than  to  the  intralonoid  structure  (B),  which  could  have 
been  expected,  since  the  energy  of  (B)  is  greater  than  the  energy  of  (A)  [4], 


The  structure  of  the  p-Jimethylaminobenzalindandlone  salt  apparently  resembles  the  stnicture  of  the  benz- 
alindandione,  because  for  the  salt  X^ax  "  could  be  expected,  since  both  the  nucleophilic 

properties  of  the  dimcthylamino  group  and  the  color  disappear  when  the  salt  is  formed;  the  distribution  of  the 
electron  density  for  a  salt  like  (V)  is  the  same  as  for  the  benzalindandione. 


O 
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^-N(CH3)2 


11 
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(VI) 


It  is  for  exactly  the  same  reason  that  the  trimethylammonium  derivative  of  benzalindandione  (VI)  is  nearly 
colorless,  because  the  introduction  of  still  another  methyl  group  in  the  dimcthylamino  group  results  in  liquida¬ 
tion  of  its  nucleophilic  character  [7],  The  disappearance  of  color  when  the  dimethylamlno  group  is  alkylated 
has  also  been  observed  for  compounds  of  the  betaine  type  [8], 


A  hypsochromic  effect  is  observed  when  a  nitro  group  is  also  introduced  into  the  p-dimcthylamlnobenz- 
alindandione  molecule  (IV),  p-Dimethylamino-m-nitrobenzalindandione  is  colored  orange-yellow;The  nitro 
group,  found  in  series  with  the  dimcthylamino  group,  influences  the  latter,  and  a  new  electron-donor—  acceptor 
system  is  formed:  N  (0113)2— NOj.  ^  result  of  this  interaction,  the  nucleopMlic  properties  of  the  dlmethyl¬ 
amino  group  are  weakened  substantially,  and  its  influence  on  the  carbonyl  groups  is  slight.  For  this  reason. 
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p-dlmethylamlno-m-nitrobenzallndandlone  Is  colored  orange  -  yellow ,  and  Its  most  probable  structure  Is  that  of 

(vn). 


N 


(VII) 


Some  of  the  o-  and  p-hydroxybenzalindandiones  in  either  alcoholic  caustic  or  methylate  solution  also  give 
red  or  violet-red  solutions,  with  maximum  absorption  at  500-550  m/i  [3,9],  whereas  in  alcohol  solution  without 
the  caustic,  Xu^ax  ”  “^^O  mp .  It  is  obvious  that  also  here  the  real  structure  must  be  sought  between  the  two  ex¬ 
treme  structures  (C)  and  (D), 


0^ 

\yJ 


II 


0  (C) 


Fig.  1.  Ultraviolet  spectra  of  phenyl- dibenozylene- 
pyridines.  1)  (I),  0,25  •  lO'^i,  in  dioxanc;  2)(X), 
0.25  •  10"^M,  in  dioxane;  3)  (X),  0.25  •  lO’^,  in 
C2H5OH  +  CzllgONa;  4)  (XI).  0.25  •  10’‘*M,  in 
C2H5OH  +  C2H50Na;  5)  (XI),  0.25  •  10"*M,  in  di¬ 
oxane. 


H 


0  (D) 

A  similar  color  is  not  observed  for  the  m-hy- 
droxybenzalindandione,  because  here  the  reaction  of 
the  hydroxyl  group  with  the  carbonyl  is  much  weaker. 

The  above  discussion  can  also  be  applied  in  its 
entirety  to  the  corresponding  4-phenyl-dibenzoylene- 
pyridines,  except  that  here  the  changes  in  the  spectra 
are  not  as  sharply  defined.  Although  this  is  not  strange, 
still  the  absorption  spectra  of  all  of  the  phenyl-di- 
benzoylenepyridlnes  in  the  ultraviolet  region  are 
practically  the  same,  independent  of  the  medium  or 
of  the  substituents  (Figs,  1  and  2), 

All  of  the  phenyl-dibenzoylenepyridines  ex¬ 
hibit  a  sharply  defined  maximum  at  about  300  mp ; 
in  addition,  for  some  of  them,  an  absorption  band  is 
also  observed  at  260-270  mp  ,  It  is  possible  that  the 
maximum  of  the  shorter  wavelengths  is  also  character¬ 
istic  for  all  of  the  phenyl-dibenzoylenepyridines,  but 
is  found  somewhat  further  in  the  ultraviolet  region; 
we  were  unable  to  detect  it  because  of  the  absorption 
of  the  solvent,  dioxane. 


These  two  maxima  (c  =  20,000-40,000)  are 
hardly  affected  by  either  the  substituent  or  the  medium 
Only  a  solution  of  4-(p-dimethylaminophenyl)-dibenzoylenepyridine  (II)  in  concentrated  hydrochloric  acid  gives 
a  slight  hypsochromic  shift  of  15-20  mp  (Fig.  2), 


In  contrast,  the  less  well-defined  maxima  at  the  boundary  of  the  ultraviolet  region  and  the  visible  portion 
(e  =  4000-8000)  show  marked  change  as  a  function  of  both  the  substituent  and  the  medium,  4-Phenyl-dibenzoyl- 
enepyridine,  having  the  least  nucleophilic  substituent  H,  still  absorbs  in  the  ultraviolet  region  (X^ax  "  » 

Fig.  3),  whereas  the  absorption  maximum  of  4-(p-dimethylaminophenyl)-dibenzoylenepyridine  is  already  found 
in  the  visible  portion  (420  mp ),  in  which  connection  the  drop  in  the  curve  is  also  gentle  on  the  side  of  the  longer 
wavelengths  (the  electron-donor  properties  of  the  dimethylamino  group  are  sufficiently  great  to  cause  a  change 
in  the  distribution  of  the  electron  density  in  the  molecule).  The  same  as  in  the  case  of  the  p-dimethylamino- 
benzalindandione,  the  actual  structure  must  be  sought  between  the  two  most  energetically  favorable  structures 
(E)  and  (F). 
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Fig,  2.  Ultraviolet  spectra  of  4-(p-diinethyl- 
aminophcnyD-dibenzoylcncpyridiiic  in  dicxane 
aiid  in  concentrated  hydrocliloric  acid.  1)  (0), 
1  •  ill  cone,  rci;  2)  (11),  0.5  • 

in  dioxane;  3)  (I),  0.25  •  in  dioxane. 


Fig,  3,  Absorption  spectra  of  4-phcnyl-di- 
bcnzoylenepyridine  and  4-(p-dltnethylamino- 
phcnyD-dibenzoylenepyridine  in  the  ultra¬ 
violet  and  ill  the  visible  region.  1)  (I), 

0.25  •  lO'^M,  in  dioxane;  2)  (II),  0,5  •  10"^M, 
in  dioxane;  3)  (n),  1  •  10”^M,  in  cone,  IlCl. 


The  salt,  whose  color  and  spectrum  resemble  that 
of  4-phenyl-dibenzoylenepyridinc,  can  be  assigned  struc¬ 
ture  (vm). 

4-(p-Dimethylamino-m-nitrophenyl)-dlbenzoyl- 
enepyridfne  (III),  in  contrast  to  the  dark-brown  4-(p-di- 
methylaminophenyO-dibenzoylcnepyridine  (II),  is 
colored  orange-yellow.  This  could  be  expected,  since 
the  nitro  group  interferes  with  the  conjugation  between 
the  dimethylamino  group  and  the  carbonyl  group,  in  the 
same  manner  as  has  already  been  described  for  the  cor¬ 
responding  benzalindandiones  (IV,  VII),  As  a  result  of 
this,  the  deep  color  disappears,  and  the  structure  of  4- 
-(p-dimcthylamino-m-nitrophenyl)-dibenzoylpyridlne  is 
close  to  that  of  the  nonionic  form  (IX), 


In  sodium  ethylate  solution,  4-(o-hydtoxyphenyl)- 
-dibcnzoylcncpyridine  (X)has  a  substituent  with  greater 
electron- donor  properties  than  that  possessed  by  the  p- 
dimethylamino  group  and,  specifically,  — and  con¬ 
sequently  an  even  greater  bathochromic  shift  of  the  ab¬ 
sorption  band  than  in  the  case  of  the  dimethylamino  group 
could  be  expected. 


Actually,  4-(o-hydroxyphenyl)-dlbenzoylencpyri- 
dine  In  sodium  ethylate  solution  gives  a  maximum  at  about  500  mp  ,  which  is  shifted  toward  longer  wavelengths 
by  80  m/i  when  compared  with  4-(p-dinicthylamlnophenyl)-dlbcnzoylcnepyridine  (Fig,  4),  Also,  in  this  case,  it 
is  possible  to  depict  the  existence  of  two  forms  (G)  and  (H),  between  which  the  actual  structure  with  a  real  distri¬ 
bution  of  the  electron  density  is  found. 
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As  had  already  been  mentioned ,  a  deepening 
of  the  color  Is  not  observed  when  4-(m-hydroxy- 
phenyD-dibenzoylenepyridine  (XI)  is  treated  with 
alkali.  This  indicates  that  a  transformation  similar 
to  the  preceding  is  not  possible  in  this  case. 

In  Fig,  4  it  can  be  seen  that  the  band  of  the 
long  waves  shows  bathochromic  shift  if  nucleophilic 
substituents  are  introduced  into  the  molecule,  in 
which  connection  the  magnitude  of  shift  depends 
on  the  ease  with  which  the  substituent  can  donate 
electrons,  and  falls  into  the  following  order;  — H, 
-N(CH3)2,  -O®,  All  of  this  is  in  complete  accord 
with  theoretical  considerations.  The  only  thing 
that  is  still  not  clear  at  the  present  time  Is  why  a 
change  in  the  configuration  of  the  electrons  is  with¬ 
out  effect  on  the  band  of  the  short  waves,  neverthe¬ 
less,  cases  similar  to  this  are  known  [10,11], 

EXPERIMENTAL 

4-(m-Hydroxyphe.nyl)-2,3,6.5-dibenzoylene- 
pyridinc  (XI),  A  mixture  of  2.62  g  of  m-hydroxy- 
bcnzal-l,3-indandione  [12],  16,2  g  of  ammonium 
acetate  (20-fold  excess),  and  PO  rnl  of  glacial  acetic 
acid  was  heated  under  reflux  for  20  min.  The  solu¬ 
tion  soon  became  dark  red,  and  yellow  crystals  de¬ 
posited  after  the  lapse  of  some  time.  Toward  the  end  of  reaction  the  mixture  was  treated  with  3-4  ml  of  per- 
liyd.ol,  and  the  whole  was  then  refluxed  for  several  minutes.  The  dark-red  solution  turned  orange,  and  yellow 
crystals  t)f  4-(m-hydroxyplicnyl)-2,3,6,5-dibenzoylcncpyridine  deposited.  The  reaction  mixture  was  cooled,  and 
the  precipitate  was  filtered  and  washed  with  a  little  acetic  acid.  Yield  0,k7  g  (44*7'’).  After  rccrystallization  from 
dioxane,  the  melting  point  was  around  390“  (block)  (with  decornp.).  The  compound  is  readily  soluble  in  dioxane, 
diffictiltly  soluble  in  toluene,  and  insoluble  in  alcohol  and  in  ether;  it  is  insoluble  in  aqueous  alkalies,  but  is 
readily  soluble  in  alcoholic  caustic  or  ethylate  (with  a  yellow  color).  Gradual  hydrolysis  occurs  when  the  alco¬ 
holic  solution  is  diluted  with  a  large  volume  of  water,  and  the  compound  precipitates  unchanged. 

Found  N  3,47.  CZ5II13O3N.  Calculated  N  3.73. 

4 - (o-  Methoxy phenyl )-  2 ,3 ,6 ,5- dibe nzoylc ne py ridi ne  (XII ).  A  mixture  of  4,1  g  of  o-methoxybenzalindan- 
dionc  [13],  24  g  of  ammonium  acetate  (20-fold  excess),  and  75  ml  of  glacial  acetic  acid  was  refluxed  for  20  min, 
then  oxidized  with  hydrogen  peroxide,  and  the  yellow  crystals  of  4-(o-mcthoxyphenyl)-2,3,6,5-dibenzoylenepyri- 
dine  were  separated.  Yield  1,5  g  (49,5'7n).  After  recrystallization  from  xylene,  m.p.  310-315*  (block).  The  com¬ 
pound  is  readily  soluble  in  dioxane,  less  readily  soluble  in  benzene  and  glacial  acetic  acid,  and  insoluble  in  ether; 
it  is  insoluble  in  both  aqueous  and  alcoholic  alkalies,  and  also  in  sodium  ethylate  solution. 

Found  %  N  3.79.  C26H15O3N.  Calculated  %  N  3.60. 

4-(o- Hydroxy- m-mcthoxyphcnyl)- 2,3 ,6 ,5-dibcnzoylenepyridine  (XIII).  A  mixture  of  2,75  g  of  o-hydroxy- 
-m-methoxybcnzal-l,3-indandione  [14],  16J.  g  of  ammonium  acetate,  and  100  ml  of  glacial  acetic  acid  was 
refluxed  for  30  min,  and  then  the  dark-yellow  cry'stals  of  4-(o-hydroxy-m-methoxyphcnyl)-2,3,6,5-dibenzoylene- 
pyridine  were  separated.  Yield  1  g  (50‘7<’).  After  rccrystallization  from  dioxane  the  melting  point  was  about  340* 
(block).  The  compound  is  readily  soluble  in  dioxane,  less  readily  soluble  in  toluene,  difficultly  soluble  in  glacial 
acetic  acid,  and  insoluble  in  alcohol  and  in  ether;  it  is  also  insoluble  in  aqueous  alkalies,  but  does  dissolve  in  al¬ 
coholic  caustic  or  in  ethylate  solution  with  a  red-violet  color.  The  original  product  can  be  precipitated  by  acidi¬ 
fication  of  the  solution  or  by  simple  dilution  with  water. 

Found  %  N  3.70.  Q6H15O4N.  Calculated  %  N  3.46. 


Fig.  4.  Absorption  spectra  of  4-(p-dimcthylamino- 
phcnyD-dibcnzoylenepyridine  in  dioxane  and  of  4- 
-(o-hydroxyphcnyl)-dibenzoylenepyridine  in  alcohol- 
ate.  1)  (I),  0.25  •  lO'^l,  in  dioxane;  2)  (II),  0.5  X 
X  in  dioxane;  3)  (X),  0.25  •  10"‘*M,  in 

CzHgOll  +  CzHsONa. 
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‘}-(p-DinK‘iliyIaininophcnyl)-2,3,6,5-diben^oyIcnepyridine  (II).  A  mixture  of  3.22  g  of  p-dimeihylamlno- 
benzalindancUone  [13],  n.4  g  of  ammonium  acetate,  and  75  ml  of  glacial  acetic  acid  was  refluxed  for  1.5  hr. 
Dark-brown  crystals  of  4-(p-dimethylaminophenyl)-2,3,6,5-dibenzoylenepyridine  deposited.  Yield  0.62  g  (27'?->), 
Oxidation  with  hydrogen  peroxide  failed  to  increase  the  yield.  After  recrystallization  from  nitrobenzene,  and 
boiling  the  piccipiiate  with  cither  dioxane  or  alcohol,  the  melting  point  was  about  300*  (block).  The  compound 
sublimes  readily. 

Found  ‘r’  N  7.04.  C27H1SO2N2.  Calculated  N  6.96. 

Tlic  compounJ  is  readily  scluble  in  nitrobenzene  and  in  benzyl  acetate,  less  readily  soluble  in  dioxane, 
difficultly  soluble  in  carbon  tetrachloride  and  decalin,  and  insoluble  in  ethyl  and  butyl  alcohols.  In  acetone,  and 
in  ether;  it  is  insoluble  in  alkalies  and  in  sodium  ethylate  solution,  but  is  readily  soluble  in  concentrated  sulfuiic, 
hydrochloric,  nitric,  and  phosphoric  acids  with  the  formation  of  yellow  solutions.  At  times  solution  also  occurs 
in  more  dilute  acids,  and  even  in  2  N  sulfuric  acid.  If  the  solutions  in  concentrated  acids  are  diluted  with  water, 
then  the  yellow  salt  precipitates;  the  latter  hydrolyzes  on  standing,  and  the  precipitate  again  assumes  a  brown 
color. 

The  phenomenon  of  solvatochromism  is  characteristic  for  the  4-(p-dimethylanuno)-dibcnzoylenepyridlne; 
in  nonpolar  solvents,  for  example,  in  carbon  tetracliloride  or  decalin,  it  dissolves  with  a  yellow  color,  and  in 
benzene  or  dioxane  it  dissolves  with  an  orange  color,  but  in  polar  solvents  like  nitrobenzene,  and  benzyl  alcohol 
it  dissolves  with  a  red  color.  The  liquid  becomes  lighter  in  color  when  reduced  with  zinc  dust  in  glacial  acetic 
acid,  and  a  blue  fluorescence  appears.  Dilution  with  water  fails  to  give  a  precipitate. 

Hydrochloride.  A  mixture  of  0.5  g  of  the  4-{p-dimethylaminophenyl)-dibenzoylenepyridine  and  200  ml 
of  concentrated  hydrochloric  acid  was  heated  on  the  water  bath  until  solution  was  obtained.  The  yellow  solution 
was  filtered  and  evaporated  on  the  water  bath  with  frequent  mixing  of  the  solution.  The  evaporation  was  stopped 
when  20-30  ml  of  liquid  remained,  Tire  yellow  crystals  were  separated  and  washed  with  a  little  concentrated 
hydrochloric  acid.  Yield  of  4-(  p-dimethylaminophenyl)-dibenzoylenepyridine  hydrochloride  0,46  g  (Sd^o).  Hy¬ 
drogen  chloride  is  evolved  when  the  salt  is  heated,  and  the  residue  is  the  browm  4-(p-dimethylaminophenyl)-di- 
bcnzoylcnepyridinc  with  melting  point  around  360*  (block).  In  organic  solvents  and  in  water  the  salt  decomposes 
to  the  free  base  and  hydrogen  chloride.  The  salt  dissolves  in  glacial  acetic  acid  without  decomposition  (with  a 
yellow  color),  but  we  were  unable  to  recrystallize  it  in  this  manner.  The  salt  can  also  be  obtained  by  passing  dry 
hydrogen  chloride  into  a  suspension  of  the  free  base  in  dioxane  or  some  other  solvent,  but  then  it  is  not  obtained 
in  crystalline  form. 

Found  7*’:  N  5.99.  C27ni802N2  •  llCl.  Calculated  ^cr.  N  6,38. 

4-(p-Dimetliylamino-iTi-aitrophcnyl)-2,3,C,5-dibcnzoylenepyridine  (III).  A  mixture  of  3.21  g  of  p-dl- 
methylamino-m-altrobenzalindandione  [15],  15.4  g  of  ammonium  acetate,  and  120  ml  of  glacial  acetic  acid 
was  refluxed  for  30  min,  then  oxidized  with  hydrogen  peroxide,  and  the  orange  crystalline  precipitate  of  4-(p- 
-dimcthylamino-in-nitrophcnyl)-2,3,6,5-dibcnzoylcnepyridine  was  separated  by  filtration.  Yield  0.6  g  (27%). 
After  recrystallization  from  dioxane  the  melting  point  was  around  400*  (block).  Tlie  compound  is  readily  soluble 
in  dioxane,  difficultly  soluble  in  benzene  and  glacial  acetic  acid,  and  Insoluble  in  alcohol  and  in  ether;  it  is  com¬ 
paratively  soluble  in  concentrated  mineral  acids  (with  a  yellow  color),  but  to  a  lesser  degree  than  4-(p-dlmethyl- 
aminophenyO-dibenzoylencpyridine. 

Found  °]<r.  N  9.13.  C27H|704N3.  Calculated  %:  N  9,40. 

SUMMARY 

Based  on  a  study  of  the  absorption  spectra  of  some  4-phcnyl-2,3,6,5-dlbenzoylcnepyrldinc  derivatives,  an 
opinion  was  expressed  regarding  the  finer  structure  of  these  compounds,  and  the  dependence  of  their  color  and 
chemical  properties  on  the  structure  was  discussed, 
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In  a  previous  paper  [1],  we  reported  that  the  formylatlon  of  2^rlnylselcnophene  with  dimethylformamlde 
yields  8 -(2-selenienyl)acrolcin.  However,  siiicc  this  synthesis  path  presents  some  difficulties,  we  report  in  the 
present  paper  the  synthesis  of  the  same  compound  by  the  condensation  of  3^elenophenecarboxaldehyde  with  acet¬ 
aldehyde  in  the  presence  of  alkali. 

We  reacted  8 -(2-sclenienyl)acrolcin  with  hydrazine  hydrate,  but  here  we  were  unable  to  isolate  the  result¬ 
ing  5-(2-selcnienyl)pyrazoline  in  the  pure  state  because,  even  when  vacuum  distilled,  the  compound  decomposes 
to  a  large  degree, with  the  formation  of  2-cyclopropylselenophene.  We  obtained  2-cyclopropylseIenophene  (2- 
-sclenienylcyelopropane)  when  5-(2-selcnienyUpyrazoline  was  decomposed  by  the  general  method  of  N.  M. 
Kizhner. 

Judging  from  the  constants,  the  obtained  2-cyclopropylselenophene  contained  the  2-selenienylalkene  as 
impurity,  which,  of  necessity,  should  have  been  formed  in  the  Kizhner  decomposition  of  the  5-(2-selenienyl)- 
pyrazollne, 

2-Cyclopropylselenophcne  was  also  synthesized  from  2-(8-dimethylamlnopropionyl)selenophene  hydrochlo¬ 
ride  [2j  by  reacting  the  latter  with  hydrazine  hydrate  and  subsequent  decomposition  of  the  formed  5-(2-selenienyl)- 
pyrazoline  by  the  above- indicated  method.  This  method  of  obtaining  2-cyclopropylselenophene  Is  simpler  and 
more  convenient. 


•Original  Russian  pagination.  See  C.B.  translation. 
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Removal  of  the  2-sc!cnic!iylr.Ikene  iinpuiity  from  the  compeunJs  was  accomplished  by  treating  them  with 
potassium  permanganate  solution  and  subsequent  reaction  v.’ith  2,‘l-dinitrobenzene3uIfenyl  chloride. 

In  contrast  to  the  monosubstituted  pyrazoline,  the  disubstituted  pyrazoline  3-methyl-5-(2“Sclenlenyl)py- 
razollne,  obtained  by  the  condensation  of  sclenenalacetone  with  hydrazine  hydrate,  wai  a  stable  compound  and 
could  be  vacuum  distilled  without  decomposition.  l-Phcnyl-5-(2-selenienyl)pyrazoline  was  obtained  by  the 
condenfaiion  of  2-selene!jaIa','etoi!0  t.'ifh  pheuylliydrazlne,  and  melted  without  decomposition.  Tlie  decomposi¬ 
tion  of  3-mcthyl-5-(2-selcn!cnyI)pyrar,ollnc  by  the  Kizhner  method  gave  2-(2-methylcycloptopyl)selenophcne 
[1- methyl- 2-(2-sclenienyl)cyclopropane],  Its  purification  from  a  small  amount  of  2-sclcnicnylbutene  was  ac¬ 
complished  as  indicated  above. 
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The  ultraviolet  absorption  spectra  (taken  In  methanol  using  an  SF-4  spectrophotometer)  of  2-cyclopropyl- 
sclenophene  and  2-(2-methylcyclopropyl)selenophene  (like  the  ultraviolet  absorption  spectra  jf  other  selenophene 
homologs  [6]),  fail  to  show  any  differences  In  the  electron  transitions  (2500  A>.  248  m.*,  log  c4.08,  and 

\max  ^  d.Ol,  respectively. 


EXPERIMENTAL 

0 -(2-Sclenicnyl)acrolein.  Thirty  grams  of  2-selenophenecarboxaldehyde  was  added  in  drops,  with  vigorous 
stirring,  to  400  ml  of  S'ypNaOH  solution,  and  then  a  solution  of  20  g  of  acetaldehyde  in  20  ml  of  water  was  added 
in  5  hr  to  the  obtained  emulsion  with  ice-water  cooling.  The  reaction  product  was  extracted  with  ether;  the  ex¬ 
tracts  were  washed  with  water  and  then  dried  over  magnesium  sulfate.  Removal  of  the  ether  by  distillation  and 
vacuum  distillation  of  the  residue  gave  10  g  of  unchanged  aldehyde  and  16,5  g  of  0 -(2-seIenIcnyl)acrolein 
(71. 570,  based  on  consumed  2-selenophenccarboxaldchydc). 

B.p.  128-129*  (2  mm).  n^'D  1.6995,  d^”,.  1.5*187.  MR^  46.16.  C7lIcOSep3.  Calculated  Tc  41.59. 

Literature  data  [1]:  b.p.  155-15Ii,5"  (15  mm),  n^^D  1,7006,  d*®^  1,549^5, 

Oxime.  A  mixture  of  1.85  g  of  0  -  (2-sclenienyl)acrolein  ,  1.4  g  of  hydroxylamine  hydrochloride,  and  2.8  g 
of  potassium  carbonate  in  7  ml  of  water  and  15  ml  of  alcohol  was  heated  for  3  hr.  We  obtained  1,9  g  (9570  yield) 
of  product  as  white  crystals  with  m.p,  152-153*  (from  507o  alcohol). 

Found  7^  C  42.30,  42.37;  H  3.67,  3.79;  Se  39.12,39.19.  C7H70NSe.  Calculated  7o;  C  42.02;  H  3.53; 

Se  39.40. 

Phenylhydrazone.  A  mixture  of  8  g  of  6-(2-selenienyl)acrolein  in  150  ml  of  water, ahd  8  g  of  phenylhydra- 
zine  hydrochloride  and  20  g  of  sodium  acetate  in  100  ml  of  water  was  shaken  for  1  hr.  We  obtained  11.5  g  (967> 
yield)  of  product  as  colorless  crystals  with  m.p,  151-152"  (with  decomp,,  from  methyl  alcohol). 

Found  7o:  C  56.48,  56.55;  II  4.20,  4.27;  Se  28.68  ,  28.60.  Ci3Hi2N2Se.  Calculated  7o:  C  56,73;  H  4.39; 

Se  28.69. 

l-Phenyl-5-(2-sclenicnyl)pyrazolinc.  A  solution  of  2  g  of  0 -(2-selcnienyl)acrolein  phenylhydrazone  in 
10  ml  of  glacial  acetic  acid  was  heated  for  1  hr  on  the  water  bath  and  then  diluted  with  25  ml  of  water.  Wc  ob¬ 
tained  1,4  g  (707o  yield)  of  product  as  pale-brown  needle  crystals  with  m.p,  92-93*  (from  aqueous  methyl  alcohol). 

Found  7t^  C  56.68,  56.70;  H  4.53,  4.43;  Se  28.41,  28.37.  CuHioNzSe.  Calculated  7o:  C  56.73;  H  4.39; 

Se  28.69, 
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3.-Methvl-5-(2-selenlenvl)pvrazollne  ,  A  solution  of  12,5  g  of  2-selenenalacetone  (b,p,  138-139*  at 
5  mm,  1.6578,  d^'’4  1.4632  [3])  in  30  ml  of  alcohol  was  added  with  vigorous  stirring  to  15  ml  of  hydrazine 
hydrate,  and  the  mixture  was  heated  on  the  water  bath  for  1  hr;  the  alcohol  and  excess  hydrazine  hydrate  were 
distilled  off  up  to  140*,  and  then  in  vacuo.  The  residue  was  dissolved  in  ether  and  the  solution  was  dried  over 
potassium  carbonate.  After  removal  of  the  ether  by  distillation  the  residue  was  vacuum  distilled  in  a  nitrogen 
stream.  We  obtained  11.9  g  (8970  yield)  of  product. 

B.p.  129-130*  (2  mm),  n”D  1.6010,  d*®^  1.4607,  MRp  50.01.  CgHioNaSeps,  Calculated  50.23.* 

Found  7o:  C  44.70,  ^l.OO;  H  4.73,  4.89.  C8H,oN2Se.  Calculated  7o:  C  45.08;  H  4.72, 

2-(2-Mcthylcyclopropyl)selenophene,  To  the  3-methyl-5-(2-selenlenyl)pyrazoline,  obtained  as  described 
above  from  20  g  (0,1  mole)  of  2-selenenalacetone,  and  contained  in  a  flask  fitted  with  a  reflux  condenser,  were 
added  1  g  of  KOH,  fused  in  a  silver  crucible,  and  a  small  amount  of  platinized  carbon,  after  which  the  whole 
was  heated  in  an  oil  bath  at  200-210*  for  40  min.  Then  the  fraction  distilling  up  to  82*  at  11  mm  was  collected 
(about  15  g),  which  was  then  steam-distilled;  the  steam  distillate  was  extracted  with  ether  and  the  extract  was 
dried  over  calcium  chloride.  After  distilling  off  the  ether,  the  residue  was  vacuum  distilled.  We  obtained  13,7  g 
(747o  yield,  based  on  2-selenenalacetone)  of  product:  b.p,  86-87*  (13  mm),  n*®D  1,5620,  d*®4  1,3352, 

Removal  of  the  selenienylalkene  impurity  was  accomplished  by  the  method  of  R.  Ya,  Levina  and  co¬ 
workers  [5]:  A  mixture  of  7,4  g  (0,04  moie)  of  2-(2-methylcyclopropyl)selenophene ,  8  ml  of  glacial  acetic  acid, 
and  0,84  g  (0.004  mole)  of  2,4-dinitrobenzencsulfenyl  chloride  was  heated  on  the  boiling  water  bath  for  1  hr. 

The  next  day,  the  acetic  acid  and  purified  compound  were  vacuum  distilled;  the  distillate  was  diluted  with  water 
(1:2)  and  then  extracted  with  ether;  the  ether  extract  was  washed  with  2  N  KOH  solution,  then  with  water,  and 
dried  over  calcium  chloride.  Removal  of  the  ether  by  distillation  gave  6,7  g  (9070)  of  2-(2-methylcyclopropyi)- 
scle nophene; 

B.p.  74-75*  (8  mm),  n*®D  1.5614,  d*°4  1.3358,  MRq  44.92.  CgHioSepj  A.  Calculated;  45.16, 

Found  7<:  C  52,12,  52,10;  H  5.40,  5.50;  Se  42.35,  42.29.  CgHioSe.  Calculated  7o;  C  51.90;  H  5.41; 

Sc  42.60. 

2-Cyclopropylselenophcnc.  a)  From  14  g  (0.076  mole)  of  6 -(2-selenienyl)acrolein  and  18  ml  of  hydrazine 
hydrate  in  30  ml  of  alcohol,  after  decomposition  of  the  obtained  5-  (2-selenienyl)pyrazoline  as  described  above, 
we  obtained  5,7  g  (447o)  of  product:  b.p.  76-77*  (15  mm),  n*®D  1,5822, 

b)  A  mixture  of  25  g  (0,14  mole)  of  2-acetosclenophene,  15,5  g  (0,19  mole)  of  dlmethylamine  hydro¬ 
chloride,  5,5  g  of  paraform,  and  25  ml  of  alcohol  was  heated  for  2  hr  on  the  boiling  water  bath.  Then  40  ml  of 
methyl  alcohol  and  15  ml  of  water  were  added,  and  the  obtained  solution  was  added  in  drops,  with  stirring,  to 
12  ml  of  407o  NaOH  in  25  ml  of  methyl  alcohol  at  40-50*,  followed  by  heating  the  mixture  on  the  water  bath 
for  15  min.  The  solvents  and  unchanged  hydrazine  hydrate  were  vacuum  distilled,  and  the  residue  was  extracted 
with  ether;  the  ether  extracts  were  dried  over  potassium  carbonate.  The  ether  was  distilled  off  and  the  residue 
[3-(2-selcnicnyI)pyrazolineJ  was  decomposed  as  described  above.  We  obtained  11  g  (44.57o)  of  product:  b.p. 
80-81*  (19  mm),  n^®D  1.5768. 

After  purification  of  5.5  g  of  the  compound  by  treatment  with  0,7  g  of  2,4-dinitrobenzenesulfenyl  chloride 
in  6  ml  of  glacial  acetic  acid  (as  described  above),  we  obtained  4.6  g  (847o)  of  2-cyclopropylselenophene. 

B.p.  71-72*  (13  mm),  n^D  1.5751,  d*®4  1.4046,  MR^  40.25.  CvHgSepjA.  Calculated:  40.54. 

Found  %  C  48.96;  48.74;  H  4.87,  4.89;  Se  46.01,  45.93.  CvHgSe.  Calculated  %  C  49.13;  H  4.71;  Se 

46.22. 

2-Propenylselenophcne.  Twenty  grams  of  ethyl(2-selenienyl)carbinol  (b.p,  110*  (8  mm),  n*®D  1.5669, 
d^®4  1.4507;  obtained  from  20  g  of  2-selenophenecarboxaldehyde,  16  g  of  ethyl  bromide,  and  3,4  g  of  magnesium 
[1])  was  heated  in  a  Claisen  flask  with  potassium  bisulfate;  the  fraction  boiling  at  70-72*  (9  mm)  was  collected; 
this  fraction  was  dried  over  magnesium  sulfate;  the  ether  was  vacuum  distilled.  We  obtained  12  g  (707o)  of  pro¬ 
duct. 


•  The  refractive  constant  for  the  -N-NH  group  was  taken  equal  to  5.78  [4], 
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B.p.  82-82.5'  (18  min),  n* ’O  1.6075,  (i^®4  1.3894,  MRp  42.55.  CjIlgSc  ps-  Calculated:  41.53;  EMd  0.97. 

Found 0  43.88,43.72;  H  4.G3,  4.57;  Se  45.90,  45.81.  CyllaSe.  Calculated  C  49.13;  H  4.71; 

Se  46.22. 

S  UMMA  RY 

1.  The  condensation  of  2-selenophenecarboxaldehyde  with  acetaldeliyde  in  the  presence  of  alkali  yields 
3  -(2-selenicnyl)acroleln. 

2.  The  decomposition  of  5-  or  3-(2-selcnicnyl)pyrazoIIne,  and  also  of  3-methyl-5-(2-sclenienyl)pyra- 
zollne,  by  the  general  method  of  Kizhnet  .yields  2-cyclopropylse!enophene  and  2-(2- mcthylcyclopropyO-selcno- 
phene,  respectively. 

3.  The  deliydration  of  elhyl(2-selcnlcnyl)carbinol  yields  2-propenylselenophene. 
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As  we  had  reported  in  a  previous  paper,  the  mild  oxidation  of  cyclohexylamine  with  hydrogen  peroxide  In 
the  presence  of  sodium  tungstate  and  trilon  B  yields  cyclohexanone  oxime  [1].  It  was  interesting  to  study  the 
oxidation  of  other  aliphatic  amines  and  elucidate  the  rules  governing  the  reaction. 

The  oxidation  of  aliphatic  amines  in  dilute  aqueous  solution 
comes  closest  to  being  a  second-order  reaction;  The  rate  of  the 
reaction  is  directly  proportional  to  the  product  of  the  amine  and 
soJiuni  tungstate  concentrations  (Table  1),  The  catalyst  is  found 
in  the  solution  as  pertungstate,  the  concentration  of  which  does 
not  change  during  reaction  because  of  an  excess  of  hydrogen  per¬ 
oxide.  For  this  reason,  the  reaction  will  be  described  by  the  equa- 
c 

tion  In —  =  -k  [sodium  tungstate]  r  ,  where  Cg  is  the  Initial  con- 
Cq 

centration  of  the  amine  (mole /liter),  c  is  the. amine  concentration 
at  time  r  ,  and  k  is  the  second-order  reaction  constant  (liter  per 
mole  per  sec). 

In  the  case  where  the  oxidation  was  run  without  catalyst,  the 

constant  was  determined  using  the  equation  In—  =  -0.301<t  , 

-  .  ^0 

•Original  Russian  pagination.  See  C.B.  translation, 

••As  in  original  —  Publisher. 


Fig,  1.  Kinetics  of  the  oxidation  of 
methylamine  (l),  ethylamine  (2),  and 
isopropylamine  (3)  with  pertungstate. 
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TABLE  1 

Effect  of  Change  in  the  Concentration  of  Sodium  Tungstate, 
Amine,  and  Hydrogen  Peroxide  on  the  Oxidation  Rate  of  the 
Amine  (Experimental  Conditions  are  Given  In 
"Experimental") 


Name  of 
oxidized  amine 

Change  in  oxidation  rate  of  amine 
with  change  in  amount  of  component; 

4- fold  Inc, 
in  amt,  of 
sodium 
tungstate 

2- fold  inc, 
in  amLof 

amine 

2- fold  Inc, 
in  amt.  of 
hydrogen 
peroxide 

Cyclohexylamine 

3.9 

2.1 

1.0 

Morpholine 

4.0 

1.8 

1.0 

Diethylamine 

3.8 

2.1 

0.7 

Triethylamlne 

3.7 

2.1 

1.0 

tcrt-Amylamlne 

4.0 

— 

— 

where  0,30  Is  the  average  concentration  of 
the  hydrogen  peroxide  (in  mole/ liter)  during 
reaction.  The  character  of  the  experimental 
curves  is  shown  in  Fig.  1.  Using  similar  plots, 
we  determined  the  reaction  rate  constants  for 
all  of  the  amines  listed  in  Table  2  and  plot¬ 
ted  in  Fig.  2. 

The  shape  of  the  curves  in  Fig,  2  can 
be  explained  by  assuming  that  the  rate  with 
which  all  aliphatic  amines  and  ammonia 
oxidize  is  determined  by  the  influence  of  two 
factors,  namely  the  affinity  of  the  nitrogen 
atom  toward  the  peroxide  oxygen  atom  at¬ 
tacking  it,  and  the  magnitude  of  the  steric 
hindrance  obstructing  the  path  of  the  oxidiz¬ 
ing  agent  in  its  approach  to  the  nitrogen  atom. 
The  affinity  of  the  nitrogen  atom  of  the  amine 


TABLE  2 


Reaction  Riite  Constants  for  the  Oxidation  of  Amines 


Expt. 

Amine 

K 

Expt. 

Amine 

K 

No. 

No. 

1 

Mctliylamine 

0,25 

(Alcohol-  water) 

2 

Oiineihyl- 

0.96 

32 

Trimethyl- 

0,12 

3 

Tri  methyl- 

1.00 

33 

Diethyl- 

0.11 

4 

Ethyl- 

0.070 

34 

Triethyl- 

0.014 

5 

Diethyl- 

0.26 

35 

Dl-n-butyl- 

0.063 

6 

Triethyl- 

0.068 

36 

Dilsobutyl- 

0.063 

7 

n-Propyl- 

0.075 

37 

Tri-n-butyl 

0.0037 

8 

Di-n- propyl- 

0.26 

38 

Cyclohexyl- 

0.010 

9 

Isopropyl- 

0.031 

39 

Dicyclohexyl- 

0.011 

10 

Diisopropyl- 

0.042 

40 

Piperidine 

0.24 

11 

12 

n-Butyl- 
tert- Butyl- 

0.075 

0.011 

(Sodium  molybdate,  water) 

0.021 

1 

13 

tert-Amyl- 

0.012 

41 

Methyl- 

14 

15 

16 

Cyclohexyl- 

Ethanol- 

0.042 

0;11 

42 

43 

44 

Dlmethyl- 

Trimethyl- 

Dlethanol- 

0.089 

0.083 

0.17 

Dicthanol- 

1.27 

17 

45 

Trlethanol- 

0.061 

Triethanol- 

0.28 

18 

Morpholine 

0.47 

(Without  catalyst,  water) 

19 

Piperidine 

0.60 

46 

Dimethyl- 

0.77*  10' 

20 

Hexamethylenelmine 

1.08 

47 

Tri  methyl- 

6.5*  10' 

21 

Ammonia 

0.0011 

48 

Triethyl- 

1.8  •  10' 

22 

Benzylamine 

0.084 

49 

Dlethanol- 

0.52  *10' 

23 

Aniline 

0.1 

50 

Trlethanol- 

2.7*  10” 

24 

25 

Glycine,  Na  salt 

Alanine,  Na  salt 

0.047 

0,021 

(Without  catalyst,  alcohol- water) 

0.77*  10' 

26 

c -Aminocaprolc  acid,  Na  salt 

0.056  ' 

51 

Trlmethyl- 

27 

Hydrazine 

0.5 

Trl-n-butyl- 

0,20*10 

28 

Ethylenediamine 

0.14 

29 

Hexamethylenedlamine 

0,075 

30 

Hydroxylamine 

0.037 

31 

2 ,2 ,6 ,6-  Tetramethy  Iplperidlne 

0.0078 
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Fig.  2.  Relation  between  the  oxidation  rate  constant 
and  the  structure  of  aiiiincs:  The  B  axis  represents  the 
number  of  hydrogen  atonic  attached  to  the  nitrogen 
of  the  amine  (3  designates  2  ,  RNHj,  1,  R;jNH, 
and  0,  R3N).  I)  Ammonia  and  methylamines 
(CH3)3_3NH3.o.  The  curve  represents  expt.  nos,  21, 1, 
2,  and  3  (Table  2).  n)  Amines  (RCH2)o-3NH3-o;  expt, 
nos,  21,4,7,11,5,8,  and  6.  Ill)  Amines  (R2CH)o-2NH3-i; 
expt,  nos,  21,9,14.and  10,  IV)  A  mines  (R3C  )o-2NH3-i; 
expt.  nos.  21,12,13,  and  31.  V)  Methylamines 
(0113)^  3NH1  0  (without  catalyst);  expt,  nos,  46  and 
47.  VI)  Ethanolamines  (C2H4OH)i^3NHi^0  (without 
catalyst);  expt.  nos,  49  and  50, 


toward  the  peroxide  oxygen  is  apparently  determined 
by  the  number  of  hydrogen  atoms  attached  to  the., 
nitrogen  atom.  The  greater  the  number  of  hydrogen 
atoms,  the  slower  the  reaction  rate  (ammonia  oxi¬ 
dizes  the  slowest  of  all).  Molecules  in  which  the 
number  of  N—H  linkages  is  reduced  (for  example, 
amines,  hydroxylamines,  hydrazines,  nitrite  ion) 
are  oxidized  much  more  rapidly  than  ammonia. 
Tertiary  amines  (N— 11  linkages  are  absent)  show 
the  greatest  affinity  toward  peroxide  oxygen,  wliich 
can  be  seen  from  a  comparison  of  the  activation 
energies  for  the  oxidation  of  a  number  of  amines; 
RNH2  =  13.  R2NH  =  12,  and  R3N  =  10.5  kcal/mole 
(Fig.  3),  and  also  from  the  increase  in  the  rate  con¬ 
stant  when  amines  in  the  R2NII— R3N  series  are  oxi¬ 
dized  with  hydrogen  peroxide  (Fig,  2,  Curves  V  and  ' 
VI).  However,  steric  difficulties,  which  appear 
when  the  number  of  substituents  Is  great,  stand  out 
prominently  when  tertiary  amines  are  oxidized  with 
pertungstate.  Besides  this,  steric  difficulties  are  as¬ 
sociated  with  a  branching  of  the  substituent,  since, 
in  the  series  CH3,  CH2Ri  CHR2,  and  CR3  the  oxida¬ 
tion  rate  of  the  primary  (RNH2),  secondary  (R2NH), 
and  tertiary  (R3N)  amines  decreases  (Fig,  2,  com¬ 
parison  based  on  the  verticals).  The  other  oxidiz¬ 
ing  agent,  namely  permolybdate ,  oxidizes  at  a 
much  slower  rate,  but  it  behaves  in  the  same  man- 


Fig.  3,  Dependence  of  the  rate  constants  for  the  oxi¬ 
dation  of  cyclohexylamine  (1),  triethylamine  (2),  and 
dl-n-propylamine  (3)  on  the  temperature, 

pertungstate, it  is  possible  to  conclude  that  the  reaction 


ner  as  the  pertungstate  when  the  discussion  relates 
to  the  structure  of  the  amines  (Table  2), 

The  oxidation  of  aliphatic  amines  leads  to 
the  formation  of  compounds  having  oxygen  attached 
to  the  nitrogen;  amine  oxides,  hydroxylamines,  and 
oximes,  Tlius,  ammonia  is  oxidized  to  hydroxyl- 
amine,  cyclohexylamine  to  cyclohexylhydroxyl- 
amine  [2],  and  cyclohexanone  oxime  [1],  diethyl- 
amine,  and  piperidine  (using  hydrogen  peroxide 
without  the  sodium  tungstate)  to  disubstituted  hy¬ 
droxylamines  [3]  and  trimethyl-  and  triethylamlnes 
to  the  hydrates  of  the  amine  oxides  t3i4].  Second¬ 
ary  amines,  when  oxidized  with  pertungstate,  can 
oxidize  to  the  oxime  and  carbonyl  compound  by 
rupture  of  the  C— N  single  bond  [5],  Ammonium 
ions,  failing  to  have  a  free  pair  of  electrons,  do  not 
oxidize.  When  it  is  considered  that  such  different 
compounds  as  N(CH3)j,  NH3,  and  NC^”,  having  only 
one  common  property,  namely  a  nitrogen  atom 
with  an  unshared  pair  of  electrons,  arc  oxidized  by 
goes  because  of  the  unshared  pair  of  electrons,  with  the 


initial  formation  of  a  product  of  the  amine-oxide  type.  In  the  case  of  ammonia  and  primary  and  secondary 


amines,  the  amine  oxide  (or  amine-oxide  hydrate)  that  is  formed  isomerizes  to  the  corresponding  hydroxylamine 


(Botvinnik  [6]), 


the  carbonyl  and  the  ureido  group,  linked  directly  to  the  amino  group,  suppress  oxidation  completely.  The 
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amino  acids  also  show  very  little  oxidation,  but  when  the  carboxyl  group  Is  neutralized  by  alkali  the  amino  group 
reacts  readily.  The  oxidation  rate  Increases  when  either  a  hydroxyl  group  or  an  amino  group  is  found  in  the  0- 
-position  to  the  nitrogen  (ethanolamines,  ethylenediamine).  Heterocyclic  amines  (piperidine,  hexamethylene- 
imine,  morpholine)  also  show  a  more  rapid  oxidation  rate. 

EXPERIMENTAL 

The  amines  used  in  the  work  were  either  purchased,  some  of  them  being  of  Kahlbaum  quality,  or  specially 
synthesized,  A  number  of  the  commercial  products  were  first  purified.  The  oxidation  rate  of  the  amino  com¬ 
pounds  were  measured  using  the  following  conditions;  To  1.7  mmole  of  amino  compound  were  added  0,5  mmole 
of  NaOIl,  1  mg  of  trilon  B,  0,041  mmole  of  sodium  tungstate,  3.4  mmole  of  hydrogen  peroxide,  and  water  to  a 
total  volume  of  10,0  ml.  The  temperature  was  21  ±  0,5*, 

For  the  amines  insoluble  in  water,  the  reaction  was  run  in  the  same  volume,  in  the  presence  of  6,7-7,8  ml 
of  ethanol.  The  experiment  consisted  in  measuring  the  concentration  of  the  amine  being  oxidized  by  titration 
with  0.1  N  sulfuric  acid,  using  phcnolplithalein,  and  in  the  case  of  weakly  basic  amines,  using  bromocresol  purple, 
A  small  change  in  the  hydrogen  peroxide  concentration  (1,7  to  3,4  mmole)  fails  to  affect  the  reaction  rate,  but 
at  a  higher  concentration  (10  mmole)  the  oxidation  rate  decreases. 

For  most  of  the  amines,  we  estimated  the  error  in  the  values  of  the  constants  as  being  on  the  order  of  ±  20*7© 
relative. 

Oxidation  of  ammonia.  When  a  mixture  of  3.4  mmole  of  ammonia,  6,8  mmole  of  hydrogen  peroxide, 

3  mg  of  trilon  B,  and  0,32  mmole  of  sodium  tungstate  in  a  volume  of  1.7  ml  was  allowed  to  react  for  15  min, 
tlic.  amount  of  ammonia  oxidized  was  0.37  mmole,  and  the  same  amount  was  combined  with  the  acids  (NOj"  and 
NO3”)  formed.  In  the  presence  of  1,8  mmole  of  acetone,  the  amount  of  ammonia  oxidized  under  the  same  con¬ 
ditions  v;as  0.35  mmole  {the  amount  of  acetone  oxime  formed  was  0,25  mmole).  In  the  presence  of  cyclohexa¬ 
none  (the  ammonia  has  to  be  taken  in  a  larger  amount,  7  mmole),  some  crystals  separated  after  20-60  min, 
which,  after  rccrystallization  from  petnJlcum  ether,  had  m.p,  87-88*  (according  to  [7],  m,p.  00*),  These  crystals 
give  the  color  test  for  the  oxime  group.  The  yield  of  cyclohexanone  oxime  was  as  high  as  85^/o,  based  on  the 
ketone. 

The  oxidation  of  cyclohexylamine  was  run  using  the  conditions  given  in  the  patent  [2];  a  mixture  com¬ 
posed  of  100  g  of  the  amine,  1.5  g  of  trilon  B,  450  g  of  water,  110  ml  of  30*70 hydrogen  peroxide,  and  6  g  of  so¬ 
dium  tungstate  was  stirred  at  0*  for  4  hr.  The  yield  of  cyclohcxylhydroxylamine  (m.p,  137-139*,  literature  m.p. 
141°)  did  not  exceed  40*70,  because  of  further  oxidation  to  cyclohexanone  oxime. 

The  oxidation  of  dicyclohexylamine  was  run  under  conditions  different  from  those  given  in  the  patent  [5]; 
a  mixture  composed  of  8.5  mmole  of  the  amine,  6,7  ml  of  ethanol,  1,5  ml  of  water,  2  mg  of  trilon  B,  25  mmole 
of  hydrogen  peroxide,  and  0,36  mmole  of  sodium  tungstate  was  kept  at  25-30*  for  6  hr.  After  making  alkaline, 
the  solution  was  extracted  with  ether  to  remove  the  cyclohexanone  (oxime,  m.p.  85-87*),  After  neutralization, 
the  residual  solution  was  extracted  to  remove  the  cyclohexanone  oxime  (m.p.  85-87*),  which  gives  a  positive 
color  test  for  the  oxime  group. 

Oxidation  of  trimcthylamine.  To  a  solution  of  11  mmole  of  trimethylamine  in  4  ml  of  ethanol  were  added 
11  mmole  of  hydrogen  peroxide,  3  mg  of  trilon  B,  20  ml  of  water,  and  0,6  mmole  of  sodium  tungstate.  The  re¬ 
action  went  violently  and  intensive  cooling  was  required.  The  reaction  was  ended  in  10-15  min,  the  water  was 
evaporated,  the  tungstate  was  salted  out  with  alcohol,  and  the  latter  was  also  evaporated.  We  obtained  6,0  g  of 
trimetliylamine  oxide  hydrate,  m.p,  95-96*  (from  [4]:  96*),  Yield  98*7’. 

Oxidation  of  other  compounds.  5  mmole  of  sodium  nitrite  is  oxidized  50*7o  (to  nitrate)  under  the  following 
conditions:  volume  of  aqueous  solution  4  ml,  temperature  15*,  sodium  tungstate  0,16  mmole,  trilon  B  1  mg, 
NaOH  0.4  mmole,  hydrogen  peroxide  3,4  mmole.  Urea,  guanidine,  and  £ -caprolactam  in  the  presence  of  alkali, 
and  also  cyclohexylamine  hydrochloride  and  the  amino  acids  in  the  absence  of  alkali  (here  it  is  necessary  to 
take  tungstic  acid  instead  of  sodium  tungstate),  fail  to  oxidize,  since  the  amount  of  hydrogen  peroxide  did  not 
change  in  several  hours. 

The  following  compounds  are  formed  in  the  oxidation  of  all  of  the  primary  and  secondary  amines  given  in 
the  table;  oximes  RgC  =  NOH,  hydroxylamines  RNHOH,  or  hydroxamic  acids  RC(0)NROH,  The  oximes  give  a 
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yellow-red  color  with  iron  (III)  solution,  formalin,  and  hydrogen  peroxide  [1],  The  substituted  hydroxyiamfnes 
give  a  red-vlolct  color  with  the  same  soluiica,  while  the  substituted  hydioxcrnic  acids  give  a  red  color  with  iron 
(III)  ion  alone,  omitting  the  formalin  and  hydrogen  peroxide  [3], 


SUMMARY 

1.  Aliphatic  amines  and  ammonia  are  oxidized  by  hydrogen  peroxide  in  the  presence  of  sodium  tungstate 
with  the  initial  formation  of  a  product  of  the  amine  oxide  type,  representing  the  addition  of  oxygen  to  the  amine, 

2,  TliC  rate  constant  for  tlie  oxidation  of  the  amine  depends  on  the  number  of  hydrogen  atoms  attached  to 
the  nitrogen  atom  of  the  i.mine  and  on  the  number  and  degree  of  branching  of  the  hydrocarbon  substituents, 
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Continuing  our  study  on  tlie  alkylation  of  phenols  with  cyclic  alcohols,  we  investigated  the  reaction  of 
phenol  with  1,1-  and  1,2-methylcyclohexanols  in  the  presence  of  AICI3  or  H3PO4, 

The  condensation  of  phenol  with  either  1,1-  or  1,2-methylcyclohexcne  in  the  presence  of  either  concen¬ 
trated  sulfuric  or  acetic  acid  gave  the  same  product,  4-(l -mcthylcyclohexyOphcnol  [1],  'fhe  same  compound 
was  obtained  [2]  when  phenol  was  reacted  with  1,4-methylcyclohexanol  in  the  presence  of  sulfuric  acid.  The 
formation  of  only  the  4-(l-alkylcyclopentyl)phenol  also  occurred  when  phenol  was  reacted  with  various  alkyl- 
cyclopentanols  [3]  in  the  presence  of  aluminum  chloride.  When  phenol  Is  alkylated  with  mcthylcyclopentyl 
chlorides  [4],  the  same  as  when  the  methylcyclohexenes  and  methylcyclohexanols  are  used,  the  reaction  products 
fail  to  contain  any  ethers,  and  only  cycloalkylation  of  the  ring  occurs.  However,  when  Sidorova  [5]  condensed 
phenol  with  1,1-methylcyclohexanol  in  the  presence  of  phosphoric  acid,  she  obtained.  In  addition  to  4-(l-methyl- 
cyclohexyl)phenol,  also  rnethylcyclohexyl  phenyl  ether,  which  could  not  be  Isolated  in  the  pure  form,  since,  on 
distillation,  it  isomerized  completely  to  4-(l-methylcyclohcxyl)phenol, 


•Original  Russian  pagination.  See  C.B,  translation. 
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Para-orlentatlon  was  also  observed  In  the  alkylation  of  6  -naphthol  with  cyclohexanol  and  with  its  2- ,  3- , 
and  4- methyl  and  the  ethyl  homologs  in  the  presence  of  phosphoric  acid  [6],  The  same  product  was  obtained 
when  isomeric  alcohols  were  used.  However,  the  formation  of  unisomerized  normal  products  [7]  (although  the 
melting  points  of  the  individual  isomers  are  so  close  that  the  formation  of  the  normal  products  becomes  doubtful) 
was  observed  when  phenol  was  condensed  with  the  Isomeric  methylcyclohexanols  in  the  presence  of  ZnClj, 

In  our  paper  [8]  on  the  alkylation  of  phenol  with  menthol  we  observed  the  formation,  in  addition  to  the 
isomerized  optically  inactive  menthylphenol,  of  also  optically  active  menthylphenol.  This  gives  a  basis  also  to 
expect,  in  the  present  case,  a  direct  replacement  of  the  hydroxyl  of  the  alcohol  without  any  isomerization. 

The  condensation  of  phenol  with  either  1.1-  or  1,2-mcthylcyclohcxanol  in  the  presence  of  either  phosphoric 
acid  or  aluminum  chloride  was  run  by  us  at  different  temperatures  (20-150*),  The  proportions  and  order  of  adding 
the  reagents  was  kept  constant  for  each  catalyst.  The  experiments  with  phosphoric  acid  were  run  employing  the 
same  conditions  as  in  the  experiments  with  cyclohexanol  [9],  With  aluminum  chloride  the  reaction  was  run  using 
equimolar  proportions  of  alcohol  and  AICI3  and  an  8-fold  excess  of  phenol.  Heating  the  reaction  mixture  on  the 
boiling  water  bath  for  5  hr  appears  to  be  the  optimum  condition  for  running  these  reactions  in  the  presence  of 
AICI3  or  H3PO4,  Independent  of  the  nature  of  the  alcohol,  catalyst,  or  temperature,  the  principal  reaction  product 
is  'l-(l-niethylcyclohexyl)phenol.  The  maximum  yield  with  1 ,1-methylcyclohexanol  in  the  presence  of  either 
AICI3  or  n3P04  is  SO’^o,  while  in  the  case  of  the  1,2-isomer  it  is  12-14^,  The  absence  of  normal  reaction  pro¬ 
ducts  in  the  case  of  1,2-methylcyclohexanol  again  confirms  the  ease  with  which  the  alcohol  radical  is  isomerized 
in  the  alkylation  of  phenols.  Neither  the  ortho-isomer  nor  methylcyclohexyl  phenyl  ether  could  be  detected  in 
the  reaction  products. 


EXPERIMENTAL 

1.1- Mcihylcycloiicxanol  was  obtained  from  cyclohexanone,  b,p,  153-155"  (730  inm),  1 ,2-Methylcyclo- 
hexanol  was  obtained  by  the  reduction  of  o-crcsol,  b,p,  162-164*  (730  mm). 

Condensation  of  1.1-  and  1 ,2- methylcyclohexanols  with  phenol  in  the  presence  of  AICI3.  Aluminum  chlo¬ 
ride  was  added  over  a  period  of  1,5-2  Irr  to  the  mixture  of  phenol  and  alcohol  at  room  temperature.  The  AICI3 
dissolved  with  the  evolution  of  heat  and  some  HCl  evolution.  Then  the  reaction  mixture  was  allowed  to  stand  at 
20’  (for  1  to  12  days),  or  else  it  was  immediately  heated  (50-130*)  for  5  hr.  The  reaction  products  were  isolated 
either  by  vacuum  distillation  or  by  treatment  with  20'’/o  caustic  solution.  Here  only  4-(l-methylcyclohexyl)- 
phenol  with  m,p,  109-111’  was  obtained. 

When  a  mixture  of  50  g  of  phenol,  7,4  g  of  1,1-mcthylcyclohexanol,  and  8,8  g  of  AICI3  was  heated  on  the 
boiling  water  bath  for  5  hr  (with  constant  stirring)  we  obtained  10  g  (807o)  of  4-(l-mCthylcyclohexyl)phenol  with 
b.p.  155-157’  at  10  mm,  and  m.p.  110-111*. 

When  the  reaction  was  run  with  1,2-mcthylcyclohcxanol  under  analogous  conditions  we  obtained  9,2  g  {14°Jo) 
of  4-(l-mcthylcyclohcxyl)phcnol  with  b.p,  130-140*  at  3  mm,  and  m.p.  110-111’, 

Condensation  of  1.1-  and  1,2- methylcyclohexanols  with  phenol  in  the  presence  of  H3PO4.  Phosphoric  acid 
(d  1.S6)  was  added  to  the  phenol.  This  resulted  in  the  formation  of  the  ester,  a  wliite  cr)’stalline  compound,  which 
dissolved  when  the  temperature  was  raised  to  45-50*.  Then  the  1,1-  or  the  1,2-methylcyclohexanol  was  added 
from  a  dropping  funnel,  with  constant  stirring,  in  1,5  hr.  The  reaction  mixture  was  either  allowed  to  stand  at  20* 
or  it  was  heated  at  50-130*  for  5  hr.  The  mixture  gradually  changed  in  color  from  a  yellow  to  a  bright  crimson. 
The  mixture  separated  into  layers  on  cooling.  The  next  day  the  upper  layer  turned  crystalline,  while  the  lower 
layer  remained  liquid.  The  further  workup  and  isolation  of  the  reaction  products  were  the  same  as  in  the  experi¬ 
ment  with  AICI3, 

1.1- Mcthylcyclohcxanol  (7.4  g)  was  added  from  a  dropping  funnel  to  a  mixture  of  phenol  (8  g)  and  H3PO4 
(30  g)  on  the  boiling  water  bath.  Then  the  mixture  was  heated  at  the  same  temperature  for  another  5  hr.  We  ob¬ 
tained  9  g  (72%)  of  4-(l-mcthylcyclohexyl)phenol  with  b.p.  150-153*  at  8  mm,  and  m.p.  110-111*.  With  1,2- 
-methylcyclohexanol  under  the  same  conditions  we  obtained  10  g  (80%)  of  4-(l-methylcyclohexyl)phenol  with 
b.p,  150-152®  at  7  mm,  and  m.p,  108-110*. 

Identification  of  4-(l-methylcyclohexyl)phenol.  The  products  obtained  using  the  same  condensation  catalyst 
were  combined  and  recrystallized  again,  M.p.  112*  (from  petroleum  ether).  From  the  literature  [1],  m.p. 
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Ii2.5*,  Tlic  Lciizyl  orlivT  v.-iih  iii.p.  32-83*,  «irid  the  nitrebenzyl  ether  with  m.p,  153-15 >*  [5]  v;ere  prepared. 'Hie 
methyl  ether  had  m,p.  41*  [2],  b.p,  130-132*  at  8  mm,  n^“D  1,5343,  d'’®^  1,005,  MPvq  C3,1,  calc,  62,9, 

Oxidation  of  the  methyl  oilier  with  nltilc  acid  (d  1.1)  gave  p-methoxybenzolc  acid  with  m.p,  183*. 

2,6-Dlnitro-4-(l-niethylcyclohexyl)phenol  was  obtained  by  the  earlier-described  method  [9J  In  glacial 
acetic  acid  solution,  by  reacting  the  phenol  with  nitric  acid  (d  1.4)  at  15-20*.  Bright-yellow  crystals  with  m.p, 
72-73*. 

Found  N9.83.  CiallieOcN’:.  Calculated '7^-.  N  9.99. 

4 - ( 1  - thy  1  c y c  1  ohc X y  1  )phe p ox y a c e t ic  a c  1  d  v/as  obtained  in  conventional  manner  [10],  M.p,  104-105* 
(from  petroleum  ether). 

Found  C  72.22;  H  8,65.  Cl5H2oO•^.  Calculated  %  C  72,14;  H  8.60. 


SUMMARY 

1.  Independent  of  the  ctrtntyst  or  temperature  used,  the  condensation  of  either  1,1-methyl-  or  1,2-methyl- 
cyclohexanol  with  phenol  always  yields  only  4-(l-methylcyclohexyl)phenol, 

2,  The  previously  unknown  2,6-dInltro-4-(l-methylcyclohexyl)phenol  and  4-(l-methylcyclohexyl)phenoxy- 
acetic  acid  were  synthesized. 
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OF  THE  ALIPHATIC  AND  ALICYCUC  SERIES 
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Depending  on  the  reaction  conditions,  the  proportions  of  the  reactants,  the  nature  of  the  radicals  of  the 
organomagnesium  compounds,  and  the  structure  of  the  alkoxyl  group  present  in  the  oxalic  acid  ester,  the  reaction 
of  oxalic  acid  esters  with  organomagnesium  compounds  leads  to  the  formation  of  extremely  diverse  products.  By 
varying  these  factors  it  becomes  possible  to  stop  the  reaction  at  one  of  the  intermediate  stages  and,  in  this  way, 
obtain  homogeneous  products. 

Thus,  it  was  established  earlier  [1-6]  that  varying  only  two  factors,  namely  increasing  the  complexity  of 
the  aryl  radicals  contained  in  the  organomagnesium  comijounds,  or  of  the  alkoxyl  groups  present  in  the  oxalic 
acid  esters,  which  naturally  leads  to  an  increase  in  the  steric  hindrance,  and  changing  the  order  of  mixing  the  re¬ 
actants  (the  organomagnesium  compound  was  added  to  the  ester)  makes  it  possible  to  stop  the  reaction  at  the  first 
stage.  The  complex  formed  in  the  first  stage  of  the  reaction  is  not  stable,  and  decomposes  even  at  the  boiling 
point  of  the  ether  solution  (40-42*),  in  accordance  with  the  equation  [3]; 

^OMgHr  .OMgBr 

HCII2OCO-C-OCII2H  RCll20C0-(5fi  f  nCHO, 

^Ar  '^Ar 

which  leads  after  hydrolysis  to  the  formation  of  esters  of  secondary  a-hydroxy  acids. 

The  purpose  of  the  present  investigation  was  to  use  this  method  in  the  synthesis  of  both  aliphatic  and  all- 
cyclic  esters  belonging  to  this  class  of  compounds. 

The  complex  is  more  stable  when  the  aryl  radicals  are  replaced  by  alkyls  and  no  longer  decomposes  at  the 
boiling  point  of  the  ether  solution,  consequently  requiring  a  higher  temperature  (110-120*)  for  its  decomposition. 
Complete  decomposition  of  the  complex  is  achieved  by  adding  toluene  to  the  reaction  mixture,  then  distilling 
off  the  ether,  and  subsequently  refluxing  the  toluene  solution  for  2  hr. 

Complexes  containing  an  alicyclic  radical,  in  particular  the  cyclohexyl  group,  decompose  with  the  same 
ease  as  the  complexes  containing  an  aryl  radical,  even  at  the  boiling  point  of  the  ether  solution,  i,e.,  under  the 
normal  conditions  of  organomagnesium  reactions. 

The  results  of  our  investigation  are  summarized  in  the  table. 

EXPERIMENTAL 

The  general  conditions  used  to  react  oxalic  acid  esters  with  organomagnesium  compounds  for  the  purpose 
of  obtaining  esters  of  seeondary  a-hydroxy  acids  of  the  aliphatic  series  are  as  follows. 

The  ether  solution  of  organomagnesium  compound  (0,25  mole)  was  added  to  a  solution  of  the  oxalic  acid 
ester  (0,25  mole)  in  2  volumes  of  anhydrous  diethyl  ether,  cooled  in  an  ice— salt  mixture.  Then  toluene,  taken 
in  approximately  the  same  volume  as  the  first  solvent,  was  added  to  the  reaction  mixture,  the  diethyl  ether  was 
distilled  off,  and  the  toluene  solution  was  refluxed  for  2  hr.  After  this,  the  reaction  mixture,  as  is  customary, 
was  hydrolyzed  with  water  and  107o hydrochloric  acid,  and  the  toluene  layer  was  washed  with  107o  sodium  bi¬ 
carbonate  solution  and  then  with  sodium  sulfate  solution  to  break  the  emulsion.  The  addition  of  hydrochloric 
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All  of  Che  synthesized  compounds,  with  the  exception  of  ethyl  a>hydroxyundecanoate.  for  which  a  m.p»  of  33*  is  given  in  the  literature  [8],  ace  new^ 
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acid  to  the  used  sodium  bicarbonate  solution  usually  gave  a  small  amount  (about  2  g)  of  ct-hydroxy  acid,  formed 
by  the  saponification  of  the  a-hydroxy  acid  ester. 

The  toluene  solution  was  dried  over  anhydrous  sodium  sulfate,  the  solvent  was  distilled  off,  and  the  product 
remaining  In  the  flask  was  vacuum  distilled. 

If  the  boiling  point  of  the  reaction  product  (for  example  ethyl  n-butylglycolate)  ,  was  close  to  that  of  the 
oxalic  acid  ester  then,  to  remove  the  latter,  the  product  was  subjected  to  a  more  precise  fractionation.  Its  proper¬ 
ties  were  verified  in  such  cases  by  saponification  of  the  ester,  followed  by  resynthesis  of  the  ester  from  the  ob¬ 
tained  hydroxy  acid.  For  this  a  solution  of  the  a-hydroxy  acid  in  excess  alcohol  was  saturated  in  the  cold  with 
hydrogen  chloride,  the  reaction  mixture  then  pouted  into  water,  and  the  ester  of  the  hydroxy  acid  extracted  with 
diethyl  ether. 

The  properties  of  the  esters  obtained  in  tills  manner  always  proved  to  be  very  close  to  the  properties  of  the 
esters  that  were  synthesized  by  direct  reaction  of  the  organomagnesium  compounds  with  the  oxalic  acid  esters, 
which  testifies  to  the  purity  of  the  synthesized  products, 

A  certain  amount  of  the  ester  of  the  tertiary  hydroxy  acid  was  also  obtained  in  the  synthesis  of  the  low- 
molecular  esters  of  the  hydroxy  acids  (when  n-C^HgMgBr  or  iso-CgHuMgBr  was  taken  as  the  organomagnesium 
compound). 

The  complexes  formed  when  mixed  alicyclic  organomagnesium  compounds  are  reacted  with  oxalic  acid 
esters  prove  to  be  unstable  and  decompose  in  accordance  with  the  above-given  equation  even  at  the  boiling  point 
of  the  ether  solution,  for  which  reason  the  synthesis  of  the  cyclohexylglycolic  acid  esters  was  run  in  ether  solution 
without  the  addition  of  toluene, 

Tlie  methyl  ester  of  a-hydroxypelargonic  acid,  not  listed  in  the  table,  was  synthesized  as  Indicated  above 
by  ‘saturating  a  solution  of  the  acid  in  excess  methyl  alcohol  with  hydrogen  chloride  in  the  cold.  The  compound 
is  new, 

B,p,  108'  at  6  mm,  d^*'4  0,9564,  n^^D  1,4375,  MRj)  51,56;  calc,  51,56, 

Found  7--.  c  63,65;  H  10,65;  OH  8.7,  C10H20O3.  Calculated  %  C  63.79;  H  10.70;  OH  9.0, 

The  reaction  between  isoamylmagncsium  bromide  and  di-n-butyl  oxalate,  the  result  of  which  is  also  not 
given  in  the  table,  was  run  under  the  above-described  conditions,  except  that  the  obtained  ester,  without  investi¬ 
gating  it  further,  was  saponified  with  alcoholic  caustic  solution.  The  yield  of  2-methyl-5-hydroxy-6-hexanoic 
acid  was  357o.  M,p,  61-62*  (from  petroleum  ether).  From  [7];  m.p.  60,5*, 

SUMMARY 

1.  A  method  was  developed  for  the  synthesis  of  esters  of  secondary  a-hydroxy  acids  of  the  aliphatic  and 
alicyclic  series,  based  on  reacting  oxalic  acid  esters  with  organomagnesium  compounds,  and  subsequently  reflux¬ 
ing  the  formed  complex  in  toluene  solution  (esters  of  aliphatic  hydroxy  acids)  or  in  ether  solution  (esters  of  all- 
cyclic  hydroxy  acids).  The  complex  [RCH2OCO-C  (OMgBr)(OCH2R)R’]  decomposes  under  these  conditions  with 
the  formation  of  cither  aldehyde  (RCHO)  or  ketone,  the  latter  in  the  case  of  a  secondary  radical,  and  the  bromo- 
magnesium  alcoholate  of  the  hydroxy  acid  ester  [RCH20CO-CH(OMgBr)R’], 

2,  Nineteen  new  esters  of  a-hydroxy  acids  were  synthesized, 
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Tlie  preparation  of  n-aniyl  alcohol  by  the  reaction  of  trioxy methylene  (paraformaldehyde)  with  n-butyl- 
magnesium  bromide  was  first  reported  by  Bourgom  [1],  The  same  reaction  was  studied  later  by  Levaillant  [2], 
who  isolated  both  n-amyl  alcohol  and  di-n-amyl  formal  from  the  obtained  products.  However,  neither  author 
gave  any  information  as  to  the  experimental  conditions  or  the  yield  of  n-amyl  alcohol.  In  1938  [3],  the  synthesis 
of  n-amyl  alcohol  was  described  in  detail,  and  here  it  was  obtained  in  68*70  yield  from  n-butylmagnesium  bro¬ 
mide  and  trioxymethylcnc,  in  which  connection  the  latter  reactant  was  first  converted  by  heating  to  formaldehyde 
and  only  then  introduced  into  reaction.  After  distilling  off  the  ether,  the  mentioned  American  investigators 
washed  the  mixture  of  the  reaction  products  with  sodium  bisulfite  solution,  apparently  to  remove  the  unreacted 
formaldehyde.  However,  as  our  experiments  revealed,  it  is  more  expedient  to  remove  the  formaldehyde  or  tri- 
oxymcthylene  before  distilling  off  the  ether  since  they,  reacting  easily  with  n-amyl  alcohol,  give  di-n-amyl 
formal,  which  not  only  lowers  the  yield  of  synthesized  alcohol,  but  also  complicates  its  further  isolation  in  the 
pure  state.  Taking  these  facts  into  coitsidcration,  we  reacted  trioxymethylene  with  n-butylmagneslum  bromide 
using  a  9,6*70  excess  of  the  latter  when  compared  to  the  stoichiometric  amount,  and  obtained  n-amyl  alcohol  In 
92.3*70  yield,  based  on  the  taken  trioxymethylene. 

EXPERIMENTAL 

To  the  Grigiiard  reagent,  prepared  from  97  g  of  n- butyl  bromide  dried  over  phosphorus  pentoxide,  17,2  g 
of  magnesium, and  205  ml  of  absolute  ether,  and  transferred  to  a  flask  protected  by  a  calcium  chloride  tube,  was 
added  16,7  g  of  finely  powdered  trioxymethylene,  previously  dried  in  a  desiccator  over  calcium  chloride.  The 
yield  of  mixed  erganomagnesium  compound  was  86.0*70  of  theory.  Within  5  min  after  starting  to  shake  the  liquid 
with  the  solid  a  strong  evolution  of  heat  was  observed,  and  it  became  necessary  to  cool  the  mixture  with  cold 
water.  Then  the  reaction  mixture  was  allowed  to  stand  at  25-26*  for  5  days,  with  periodic  shaking.  At  the  end 
of  this  time  the  mixture  of  solid  reaction  products  was  cooled  in  ice  water  and  decomposed  "gradually  by  the  ad¬ 
dition  of  130  ml  of  10*7u  hydrochloric  acid.  We  collected  625  ml  of  butane  over  water  at  28*  and  763  mm.  The 
ether  layer  was  separated  from  the  water  layer  and  the  latter,  containing  a  small  deposit  of  unreacted  trioxy- 
methylcne,  was  extracted  6  times  with  ether  (300  ml).  The  ether  extracts  were  added  to  the  main  ether  layer, 
after  wliich  the  whole  was  shaken  well  with  50  ml  of  saturated  sodium  bisulfite,  and  then  the  mixture  was  allowed 
to  stand  for  two  days  with  periodic  shaking,  until  the  test  for  formaldehyde  using  fuchsin-sulfite  reagent  was  nega¬ 
tive,  The  filtered  liquid  was  then  dried  over  potassium  carbonate,  the  ether  was  distilled  on  the  water  bath,  and 
the  oily  residue  (57,0  g)  was  fractionally  distilled  to  give  8,0  g  of  a  fraction  with  b.p,  73-126*,  being  a  mixture 
of  n-octane,  n-butyl  alcohol,  n-butyl  bromide,  and  the  ether,  45.2  g  of  main  fraction  with  b.p,  137,6-138.2*, 
which  proved  to  be  n-amyl  alcohol  (d^®4  0,814),  and  1.0  g  of  residue,  which  was  free  of  di-n-amyl  formal. 

An  experiment  run  under  analogous  conditions,  but  without  a  careful  removal  of  the  unreacted  trioxymethyl¬ 
ene,  and  using  only  a  6.27o excess  of  n-butylmagnesium  bromide,  resulted  in  obtaining  a  product  that  required 

*  Original  Russian  pagination.  See  C.B,  translation. 
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repeated  fractionation  to  free  the  obtained  n-amyl  alcohol  (73*^  yield)  from  frnainly)di-n- amyl  formal,  always 
formed  along  with  water  from  the  amyl  alcohol  and  trioxymethylene  during  distillation. 

SUMMARY 

Conditions  were  developed  for  obtaining  n-amyl  alcohol  from  trioxymethylene  and  n-butylmagneslum 
bromide  in  of  the  theoretical  yield. 
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Bis-l,3,4-oxadiazole  derivatives  have  received  very  little  study  up  to  now.  In  order  to  study  their  proper¬ 
ties,  it  seemed  expedient  to  synthesize  a  number  of  new  compounds  of  the  type  of  A  and  B: 

N - N  N - N 

A.  I  I  I  1 

II—!  J— 1  J—Il, where  11=0113,  p-Qjll4— Coll.-,,  a-CjoH; 

N - N  N - N 

n.  I  I  II 

H— j_X— I  J—U, where  11  =  11.  C^jll.-,;  .\=Cll2.  CII2— CII2— 


To  obtain  compounds  of  the  A  type,  where  R  is  either  an  aliphatic  or  an  aromatic  radical,  we  resorted  to 
the  method  usually  used  to  synthesize  highly  different  2,5-dcrivatives  of  1,3,4-oxadiazole  [1],  which,  in  our  case, 
can  be  depicted  by  the  following  scheme: 


o  o 
II  Ij 

II2N-NII— C— C-Nll— NII2 
(I) 


2RCOCI 

Cin»N~ 


O  0  0  O 

II  II  II  II 

R_C— NI!-NlI-C-C.-NIl-NlI-C-n 
(II) 


POCl, 


-N  N- 


N 


n-' 


(III) 


-n 


With  this  same  scheme  we  also  obtained  bis- 1,3,4-oxadiazole  derivatives  of  the  B  type,  where  the  oxadla- 
zole  rings  are  separated  by  a  hydrocarbon  chain,  and  here  we  had  to  use  the  hydrazide  of  the  appropriate  acid. 


In  the  process  of  synthesizing  the  secondary  dihydrazide  (II)  from  the  primary  dihydrazide  (I)  and  appropri' 
ate  acid  chloride  in  pyridine  medium,  we  found  that,  for  a  number  of  the  compounds,  together  with  the  main 
reaction  product,  a  substantial  amount  of  a  substance  was  obtained  that  from  its  properties  and  analysis  results 
corresponded  to  the  diaroylhydrazine  wliich,  on  treatment  with  PCX^^,  gave  the  corresponding  2,5-derivative  of 
1,3,4-oxadiazole. 
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Melting  point 
(solvent) 

Yield 

•/«N 

Compound 

Formula 

found 

calc. 

5, 5’- Dimethyl -2, 2*- bis- 

217.5* 

14 

C(jII(j02N4 

33.70 

33.73 

-1,3,1-oxadiazolyl 

(from  alcohol) 

5,5’-Di-(4-diphenylyl)-2,2’- 

325* 

99 

C2,S.H,802N4 

12.56 

12.66 

-bis-l  ,3,'1-oxadiazolyl 

(from  dioxane) 

5,5’-Di-(l-naphihyl)-2.2’- 

295* 

99 

02411, 4O2N4 

14.40 

14.35 

-bis-l  ,3,4-oxadiazolyl 

(from  dioxane 

and  toluene) 

1 ,2-Di-[2-(l,3 ,4-oxadiazo- 

152* 

57 

CollGOaN* 

33.67 

33.70 

lyl)j-cthane 

from,  Ix  nzene. 
and  toluene) 

1 ,2-Di[2-(5-phenyl-l,3 ,4- 

141.5* 

75 

Cjfill  J4O2N4 

17.86 

17.61 

-oxadiazolyl)]-ethane 

(from  alcohol) 

1  ,l'-Di-[2-(l  ,3 ,4-oxadiazo- 

157* 

39 

C811803N4 

26.85 

26.90 

lyl)J-2-cthoxyelhane 

(from  alcohol) 

In  the  case  of  synthesizing  the  bis-l,3,4-oxadiazole  derivatives  where  the  two  rings  are  separated  by  a 
methylene  bridge,  we  were  unable  to  obtain  satisfactory  results,  since  the  hydrogens  of  the  CH2  group  reacted 
readily  with  the  reagents  used. 

To  obtain  the  bis-l  ,3,4-oxadiazole  derivatives  where  R  =  H,  we  reacted  ethyl  orthoformate  with  the  pri¬ 
mary  dihydrazide  of  the  acid  [2]  in  accordance  with  the  following  equation: 

0  0  N - N  N - N 

||jN-NII-(!-X-(!-NH-N)l2  1  I  ^  I  I 

However,  we  were  unable  to  obtain  the  bis-l  ,3,4-oxadiazole  from  oxalic  acid  hydrazide  and  ethyl  ortho- 
formate  using  tliis  method,  since  complex  reaction  products  were  obtained  as  the  reaction  result  here,  and  we 
failed  to  take  time  out  to  determine  their  structure.  The  reaction  of  ethyl  orthoformate  with  malonic  acid  hydra¬ 
zide  gave  us  the  bis-l  ,3,4-oxadiazole  derivative  where  the  hydrogens  of  the  methylene  group  were  replaced  by 
the  =CH-0C2H5  group. 

The  bis-l,3,4-oxadiazolc  derivatives  obtained  in  the  present  study  are  colorless  crystalline  compounds, 
readily  hydrolyzed  by  aqueous  solutions  of  acids  and  alkalies  with  the  formation  of  the  starting  dihydrazides.  The 
bis-l,3,4-oxadiazole  derivatives,  where  R  =  H  or  CH3,  are  hydrolyzed  with  unusual  ease.  All  of  the  bis-1,3,4- 
-oxadiazole  derivatives  synthesized  by  us  were  purified  by  recrystallization  from  suitable  solvent  until  the  melt¬ 
ing  point  remained  constant,  and  then  they  were  subjected  to  elemental  analysis.  In  some  cases,  the  structure  of 
the  compounds  was  confirmed  by  counter  synthesis. 


EXPERIMENTAL 

Synth.esis  of  5,5*-di-(l  - naphthoyl)-2,2*-bis-l,3 ,4-oxadiazoIe.  a)  Di-(l-Raphthoyl)hydrazide  of  oxalic 
acid.  To  a  solution  of  20  g  of  1-naphthoyl  chloride  in  100  ml  of  dry  pyridine  was  slowly  added  6,2  g  of  oxalic 
acid  hydrazide  [3],  after  which  the  flask  contents  were  refluxed  for  30  min  and  then  poured  into  500  ml  of  cold 
water.  After  2-3  hr,  the  obtained  deposit  of  white  amorphous  product  was  filtered,  washed  on  the  filter  with  water 
then  with  alcohol,  and  dried.  Yield  19,4  g  the  material  chars  above  300“, 

b)  5,5*-Di-(l-naphthyl)-2,2*-bis-l,3.4-oxadiazolyl,  A  mixture  of  10  g  of  oxalic  acid  di-d-naphthoyl)- 
hydrazide  and  500  ml  of  PCXri3  was  heated  under  reflux  for  15  hr, after  v/hich  treatment  nearly  all  of  the  pre¬ 
cipitate  went  into  solution.  Then  350  ml  of  POCI3  was  removed  by  distillation,  while  the  residue  was  poured 
over  500  g  of  ice  (much  heat  was  evolved).  The  obtained  reaction  product  was  filtered,  washed  on  the  filter  with 
water,  and  dried.  Yield  9,1  g  (997<’),  m,p,  235*.  Several  recrystallizations  from  dioxane  and  from  toluene  gave 
5,5'-di-(l-naphthyl)-2,2’-bis-l,3,4-oxadiazolyl  with  m.p,  294-295*. 

Found  N  14.40,  C2^Hi402N4.  Calculated  N  14.35, 


Synthesis  of  1.2-dl-[2-(1.3.4-oxadtazolyl)]“ethane.  A  mixture  of  15  g  of  succinic  acid  dihydrazide  [3] 
and  850  ml  of  ethyl  orthoformate  was  heated  under  reflux  for  16  hr,  and  here  all  of  the  dihydrazide  went  into  so¬ 
lution,  Then  most  of  the  ethyl  orthoformate  was  distilled  off,  and  the  residue  on  cooling  deposited  a  crystalline 
product  with  m,p.  137-140*.  Yield  9.7  g  (577o).  After  several  recrystallizations  from  benzene  and  from  toluene 
the  l,2-di-[2-(l  ,3 ,4-oxadlazolyl)j-ethane  was  obtained  with  m.p.  151-152*, 

Found  %  N  33.67.  C6H602N4.  Calculated  %  N  33.70. 

The  other  bis-l,3,4-oxadiazole  derivatives  listed  in  the  table  were  obtained  employing  similar  procedures, 

SUMMARY 

Six  new  bls-l,3,4-oxadiazole  derivatives  of  various  structures  were  synthesized. 
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In  previous  papers  [1,2]  we  described  our  modification  of  the  Doebner— von  Miller  reaction  [3]  with  second¬ 
ary  amines,  based  on  running  the  main  stages  of  the  synthesis  in  two  separate  steps:  formation  of  the  bis-vlnyl- 
diarylamine  bases,  and  their  conversion  to  the  quinollnium  salt. 

In  contrast  to  the  earlier-known  methods  [4-7],  it  was  shown  [2]  that  it  is  possible  to  use  the  higher  aliphatic 
aldehydes,  like  propionaldehyde ,  biityraldehyde,  etc,  in  the  reaction. 

In  tliis  paper  we  describe  some  new  N-aryl-2,3-dialkylquinolinium  derivatives,  obtained  by  the  cocondensa¬ 
tion  of  some  secondary  aromatic  amines  with  isovaleraldehyde.  We  are  of  the  opinion  that  the  mechanism  of  the 
reaction  is  the  same  as  that  proposed  earlier  [1,2],  We  assume  that  cyclization  in  the  case  of  the  unsymmetrical 
diarylamincs  goes  with  involvement  of  the  more  nucleophilic  aryl  group,  as  had  been  established  by  Pilyugin  [4], 

The  Doebner- von  Miller  reaction  with  secondary  amines  was  also  extended  to  the  secondary  aliphatic 
aromatic  amines.  In  the  reaction  with  N-mcthylanilinc  we  obtained  a  small  yield  of  N-methylquinaldinium 
perchlorate,  which  is  apparently  explained  by  decomposition  of  the  Interm.ediate  vinyl methylanlline  dimer  with 
the  liberation  of  methane,  the  same  as  occurs  in  high- temperature  distillation  [8,9],  (See  scheme  on  following  page.) 

As  a  result,  the  reaction  as  developed  by  us  goes  with  various  aromatic,  aliphatic  aromatic,  and  acylated 
primary  [2]  amines,  and  also  with  various  aliphatic  aldehydes,  and  is  a  general  method  for  the  synthesis  of  the 
arylates  and  alkylates  of  quinaldine  and  2,3-dialkylquinolines. 

•  Original  Russian  pagination.  See  C,B,  translation. 
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+  CoH5Nirv:H3  4-cn4 


+  C0H5NIICH3  +  Ha 


It  was  established  that  other  polar  solvents  besides  nitrobenzene  can  be  used  with  success  in  the  reaction, 
which  was  shown  on  the  example  of  obtaining  N-phenylquinaldinlum  perchlorate  from  dlphcnylaminc  and  acet¬ 
aldehyde  ethylal. 

o-Nitrodiphenylamfne,  2,4-dinitrodiphenylamine,  and  N-phenylanthranilic  acid  failed  to  form  quinoUnium 
salts,  which  is  explained  by  the  weak  basicity  of  these  amines.  It  is  interesting  that  Indole  also  fails  to  form  the 
quinolinium  salt. 


EXPERIMENTAL 

The  reactions  were  run  in  a  round-bottomed  flask  fitted  with  a  reflux  condenser. 

1,  N-phenyl-2-isobutyl-3-isopropylqiiinolinium  perchlorate.  A  mixture  of  5,0  g  of  diphenylamine,  9  ml 
of  isovaleraldchyde,  and  15  ml  of  nitrobenzene  was  heated  under  moderate  reflux  for  8  hr.  Then  10  ml  of  hydro¬ 
chloric  acid  (d  1.18)  was  added,  and  the  nitrobenzene  and  excess  aldehyde  were  steam  distilled.  Here  nearly 
all  of  the  unreacted  diphenylamine  turned  to  a  tar  and  coated  the  walls  of  the  distillation  flask.  The  solution 
was  decolorized  by  boiling  with  activated  carbon,  followed  by  cautious  evaporation  to  a  volume  of  30-50  ml. 

The  difficultly  soluble  perchlorate  was  precipitated  by  the  addition  of  perchloric  acid  to  the  residual  solution. 

Yield  0,65  g  (10.7'7oof  theory,  based  on  the  mechanism  assumed  for  the  reaction  [2]),  M.p,  246*  (from  water). 

Fine  yellow  needles. 

Found  *70:  Cl  8,90,  8,73,  C22H2CO4NCI,  Calculated  Iv.  Cl  8,78, 

2,  N-Phcnyl-2-isobutvl-3-isopropyl-5,C-bcnzo(]uinolintum  perchlorate.  A  mixture  of  6,5  g  of  N-phenyl- 
-2-naphthylamine,  10  ml  of  isovaleraldchyde,  and  20  ml  of  nitrobenzene  was  heated  under  moderate  reflux  for 
8  hr.  Then  10  ml  of  concentrated  hydrochloric  acid  was  added,  and  the  nitrobenzene  and  unreacted  aldehyde 
w'erc  steam  distilled.  After  the  usual  treatment  with  perchloric  acid  we  obtained  0.7  g  of  the  perchlorate  as 
flocculent,  pale  yellow  crystals  (Il'yo  yield),  M.p,  174*  (from  water;  with  decomp,). 

Found  %  Cl  7.92,  7.94.  C26H23O4NCI,  Calculated  °J<r.  Cl  7,81. 

3,  N-Phcnyl-2-isobutyl-3-isorropyl-6-mcthylquinolinium  perchlorate.  A  mixture  of  1,35  g  of  N-phenyl- 
-p-tolylamlne,  3  ml  of  isovaleraldchyde,  and  8  ml  of  nitrobenzene  was  heated  under  moderate  reflux  for  6  hr. 
Then  5  ml  of  concentrated  hydrochloric  acid  was  added,  and  the  nitrobenzene  and  excess  aldehyde  were  steam- 
distilled,  Subsequent  tieatment,  as  described  in  experiment  1,  gave  0,16  g  (107c)  of  the  perchlorate  as  fine,  light- 
pink  needles,  M.p,  227-228*  (from  water). 

Found  °]<y’.  Cl  8,62,  8,70,  C23n2s04NCl.  Calculated  ^cr.  Cl  8,49, 

4,  N-p-Tolyl-2-isobutyl-3-isopropyI-6-mcihylquinolinium  perchlorate,  A  mixture  of  1,1  g  of  p,p*-dl- 
tolylamine,  3  ml  of  isovaleraldchyde,  and  8  ml  of  nitrobenzene  was  heated  under  moderate  reflux  for  6  hr.  Then 

5  ml  of  concentrated  hydrochloric  acid  was  added,  and  the  nitrobenzene  and  excess  aldehyde  were  steam  distilled. 
Isolation  in  the  same  manner  as  described  in  experiment  1  gave  0,16  g  of  the  perchlorate  as  fine  yellow  needles 
(13‘7<J  yield).  M.p.  229-231*  (from  aqueous  ethanol;  with  dccomp,). 

Found  <70;  Cl  8.35,  8.41.  C24H30O4NCI.  Calculated  ^<r.  Cl  8.21, 
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5,  N-Phcnylquinaldinium  perchlorate.  In  order  to  determine  the  effect  of  the  nature  of  the  solvent  on  the 
yield  of  the  N-arylquinolinium  salts,  we  ran  several  experiments  employing  the  following  procedure, 

A  mixture  of  1  g  of  the  diphcnylamine,  12  ml  of  acetaldehyde,  2  ml  of  nitrobenzene  (oxidizing  agent),  and 
20  ml  of  the  solvent  was  heated  for  6  lir.  The  technique  used  to  run  the  experiments  and  isolate  the  phenylquin- 
aldinlum  perchlorate  was  the  same  as  that  described  earlier  (1],  The  melting  points  of  the  obtained  perchlorates 
agreed  with  those  given  in  the  literature,  while  tlic  mixed  melting  points  with  authentic  N-phenylquinaldinium 
perchlorate  were  not  depressed.  The  data  on  the  change  in  yield  as  a  function  of  the  solvent  used  are  given  below. 

Effect  of  Nature  of  Solvent  on  Yield  of  N-Phenylquinaldinium 
Perchlorates 

Yield  based  on  diphenyl- 
amine  (in  ‘7o) 

22 
20 
23 
13 
16 

G,  N-Mcthylmiinaldinium  perchlorate,  A  solution  of  10,6  g  of  freshly  distilled  N-methylaniline  and  15  ml 
of  paraldehyde  in  50  ml  of  nitrobenzene  was  heated  at  120*  for  4  hr.  Then  tlie  mixture  was  cooled,  40  ml  of  con¬ 
centrated  hydrochloric  acid  was  added,  and  the  nitrobenzene  was  slowly  steam  distilled. 

The  aqiicous  solution  was  filtered  from  tar,  the  residue  in  the  flask  was  extracted  with  50  ml  of  hot  water, 
and  then  the  combined  water  extracts  were  washed  with  lx:nzenc,  followed  by  shaking  with  activated  carbon, 

Tlicn  4  g  of  sodium  iodide  was  added  to  the  filtrate,  and  the  solution  was  cautiously  evaporated  to  dryness  on  the 
water  batli.  This  was  followed  by  extraction  of  the  residue  with  25  ml  of  hot  water,  which  was  washed  with  chloro¬ 
form  and  then  decolorized  with  activated  carbon.  The  filtrate  was  treated  with  4  ml  of  concentrated  perchloric 
acid  (G57o).  Mere  the  N-methylquinaldinium  perclilorate  precipitated.  Yield  2,52  g  (107o),  M.p,  155*. 

Found  7o:  Cl  13.87.  CUHJ2O4NCI.  Calculated  7":  Cl  13.76. 

S  UMM  ARY 

1.  The  condensation  of  diarylamincs  with  isovaleraldehyde  gave  some  new  N-aryl-2-isobutyl-3-lsopropyl- 
quinolinium  derivatives, 

2.  It  was  shown  that  the  reaction  as  developed  by  us  can  be  extended  to  the  secondary  aliphatic- aromatic 
amines, 

3.  The  influence  of  the  nature  of  the  solvent  on  the  yield  of  the  N-arylquinolinium  derivatives  was 
examined, 
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The  mechanism  for  the  formation  of  N-phcnyl-ct-naphthylamine  and  benzarylides  in  the  condensation  of 
two  amino  compounds  was  investigated  in  the  paper  by  Brodskii,  Sheinfain,  and  one  of  us  [1],  The  scope  of  the 
investigated  reactions  was  expanded  in  the  present  paper,  and  data  were  collected  that  not  only  permit  supplement¬ 
ing  the  previous  concepts  regarding  the  mechanism,  but  also  allow  us  to  express  some  new  theories. 

We  investigated  tlie  paths  for  the  cleavage  of  the  amino  group  in  the  condensation  of  p-aminophenol  with 
aniline,  a-raphthylamine,  and  benzamide,  of  n-butylamine  with  aniline,  and  of  the  p-  and  m-chloroanilines 
with  oc-naphthylamine.  In  all  cases,  the  amino  group  in  one  of  the  components  was  emiched  with  heavy  nitro¬ 
gen.  Then  by  determining  the  amount  of  heavy  nitrogen  in  the  products  obtained  by  the  reaction  [the  general 
scheme  of  the  reaction  is  depicted  by  (1)]  of  secondary  amine  and  ammonium  chloride,  it  was  possible  to  estab¬ 
lish  the  place  of  cleavage  of  the  amino  group. 


AnNi  -Ilo  -I-  Ar'MIz  — ^  ArN'^IIAr'  +  NHiGl 

We  will  mention  that  analyzing  the  ammonium  chloride  in  those  cases  where  the  investigated  reaction  Is 
accompanied  by  a  number  of  side  processes,  also  taking  place  with  the  cleavage  of  ammonia.  Is  meaningless.  In 
such  cases  we  analyzed  only  the  secondary  amine,  isolated  from  the  reaction  mixture  and  then  carefully  purified, 
for  the  content  of  nitrogen  isotopes. 

The  condensation  v;as  run  in  scaled  ampoules. Only  in  the  condensation  of  p-aminophenol  with  aniline  was 
the  reaction  run  at  atmospheric  picssure  in  a  nitrogen  stream.  One  of  the  amines  was  taken  as  the  hydrochloride, 
lire  ampoules  were  heated  in  a  thermostat  for  a  predetermined  length  of  time,  Tlie  ammonium  chloride  was  ex¬ 
tracted  by  treating  the  reaction  mixture  with  water.  Then  the  secondary  amine  was  isolated,  purified,  digested 
by  the  Kjcldahl  method,  and  the  nitrogen  converted  to  ammonium  chloride,  'ilien  the  two  samples  of  ammonium 
chloride  were  analyzed  for  their  content  of  nitrogen  isotopes. 

Hie  results  of  the  mass-spectromctric  analysis  for  nitrogen  are  shown  in  Table  1, 

We  have  also  given  the  basicities  of  the  reacting  amines  in  Table  1,  characterized  as  the  base  dissociation 
constants  Kjj, 

In  most  of  the  reactions  the  amino  group  is  cleaved  from  only  one  of  the  components.  If  the  order  of  cleav¬ 
age  of  the  amino  group  is  compared  with  the  basicities  of  the  amines,  then  the  following  is  revealed.  In  reaction 
1,  the  amino  group  is  cleaved  from  the  weaker  base  —  a-naphthylamine;  in  reactions  2  and  3  it  is  cleaved  from 
the  stronger  base  —  p-aminophenol;  in  reaction  4,  it  is  cleaved  approximately  two-tliirds  from  the  weaker  tx- 
-naphthylamine  and  one-third  from  the  stronger  base  —  p-aminophenol;  in  reaction  6,  it  is  cleaved  from  the 
stronger  base  —  n-butylaminc;  in  reaction  7,  with  the  basicities  the  same,  it  is  cleaved  only  from  the  a-naphthyl¬ 
amine;  in  reaction  ^  it  is  cleaved  from  the  stronger  base  -  a-naphthylamine. 

It  is  obvious  that  using  only  the  basicities  of  the  amines  as  a  guide  in  elucidating  the  mechanism  is  out  of 
the  question.  We  postulate  that  the  mechanism  for  the  reaction  of  two  amines  may  depend  on  those  properties 
that  are  most  different  for  a  given  pair  of  amines.  For  example,  it  can  be  seen  from  the  data  in  Table  1  that 
a-naphthylamine  always  loses  its  amino  group  when  it  is  condensed  with  an  amine  of  the  benzene  scries. 
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TABLE  1 


Starting  compounds 

{ 

Atom  '/,  N''  in 

Re¬ 

action 

No. 

Labeled 

l'7<’ 

1 

! 

Unlabelcd  j 

(0,377oN^^)  ' 

1 

A-., 

Ratio  i 
of  1 

bas’ci-1 
ties  { 

lammoni- 
second-  'um 
■ary  [chlo- 

amine  |ridc 

ammonia 
from  the 
gas 
phase 

1  • 

Aniline  (2.15) 

1 

r. .  10-1" 

ot-Naphthyl- 

amine 

1  .  10-'" 

b 

2.1.0 

0.67 

— 

* 

Aniline  (9,3) 

.  10“'" 

p-Amino- 

phenol 

0.6  .  10“" 

13 

s.o,  s.o 

0.47, 0.49 

0.4.0, 0.45 

3 

Aniline  (9,3) 

f)  .  10-1" 

p- Amino- 
phenol 

0.6  •  I0-" 

13 

9.3.  .S..") 

0.43, 0..04 

0.44,0.43 

4 

a-Naphthvl- 
amine  (9,3) 

1  .  10-1" 

p-Amino- 

phenol 

0.6  •  lO-o 

00 

3.24,  3.2.0 

.0.3, 5.4 

— 

r, 

Benzamide  (9,3 

•  — 

p-Amino- 

phcnol 

0.0  .  10-" 

— 

0.44 

8.4 

■— 

r. 

Aniline  (3,0) 

3  •  10-'" 

n-Butyl- 

amine 

4  .  10-< 

s .  ur- 

2.9  3.2 
3.O. ’2.7.*’‘ 

-)  i|  *  * 

— 

— 

7 

ot-Naphthyl- 
amine  (o.4) 

1  .  10-'" 

p-Chloro- 

aniline 

1  .  10-1" 

1 

0.37,  0.30, 
0.39 

— 

— 

s 

a -Naphthyl¬ 
amine  (n.4) 

1  •  10-'" 

m-Chloro- 

aniline 

0.3  .  10-1" 

3.3 

0.40,  0.40, 
0.39 

— 

— 

•  Tliis  experiment  was  taken  from  [1], 

•  ‘After  purification  using  3-nitroplithalic  anhydride, 

•  *  ‘In  the  presence  of  sulfuric  acid 


independent  of  the  basicity  of  the  latter.  It  is  possible  to  explain  this  by  the  fact  that  in  the  naphthalene  series 
the  stability  of  the  quinoid  structures  is  greater  than  in  the  benzene  series.  Formation  of  the  quinoid  form,  as  Is 
cliown  in  scheme  (2),  facilitates  cleavage  of  the  amino  group  from  the  naphthyl  a  mine. 


N*Il, 


N*ll 


1  1  1 

-1 

1  li  1 

(I) 

amine  adds  to  the  HN  = 

/ 

\ll 


Ar 

I 

Nil  N*ll2 


ArNU, 


/ 


l( 


Ar 

I 

Nil 

I 


1^11  -NMl, 


(2) 


(11) 


ture  (II),  a  hydrogen  migrates  from  the  o-position  to  the  amino  group,  which  is  considerably  more  protophilic 
than  the  arylamine  group,  and  this  causes  the  amino  group  to  cleave  as  ammonia. 


To  some  degree  it  is  possible  to  draw  an  analogy  between  these  reactions  and  the  acid  hydrolysis  of  amines, 
where  cleavage  of  the  amino  group  also  takes  place.  It  is  known  [2]  that  the  ease  with  which  the  amino  group  Is 
hydrolyzed  increases  in  the  order  aniline  <  naphthylamine  <  anthramine.  Here,  together  with  the  basicity,  an 
increasing  ability  of  the  compounds  to  form  quinoid  forms  also  plays  a  part. 


Reaction  4  deserves  special  attention,  where  the  heavy  nitrogen  appears  in  both  the  p-hydroxydiphenyl- 
amine  and  the  ammonium  chloride,  which  indicates  that  the  amino  group  is  cleaved  from  both  of  the  reaction 
components.  Such  a  distribution  of  the  may  be  caused  cither  by  the  process  going  as  two  independent  reactions, 
or  because  the  intermediate  complex  decomposes  in  two  directions,  VVe  postulate  that  the  main  direction  of  the 
process,  leading  to  the  cleavage  in  two-tliirds  of  the  cases  of  the  heavy  amino  group  from  the  a -naphthylamine, 
is  associated  with  the  reaction  going  in  accordance  with  scheme  (2),  Cleavage  in  one-third  of  the  cases  of  the 
light  amino  group  from  the  p-aminophenol  is  evidently  associated  with  the  following.  It  is  known  [2,3]  that  the 
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dlnniinobcnzcnes  nnd  hydfoxynminobcnzcnes  are  hydrolyzed  much  more  easily  than  is  aniline.  Tluis,  hydrolysis 
of  the  phciiylcnediainines  and  aiiiinophenols  at  200*  and  lower,  results  in  the  formation  of  the  corresponding  di- 
hydroxyhcnzcncs  in  good  yields.  Consequently,  under  the  conditions  used  to  condense  p-amlnophenol  with 
amines,  i.e.,  at  210-220*,  it  is  very  easy  for  acid  hydrolysis  of  the  p-aminophenol  to  occur,with  the  formation  of 
hydroquinonc.  The  latter  then  condenses  with  the  amine  to  give  the  secondary  amine.  The  mechanism  of  this 
reaction  can  be  depicted  by  the  following  scheme: 


llOCo’l.N'lIa  -1-  llOCclUNMlz  — > 

110r^ll4NllCclf4NMl2-f  II2O 

(3) 

llOCcl^Nllo  +  II2O -1- IlCI  - 

->  llOCclUOlI  +  NIV'-I 

(4) 

llOC,in40n -f  llaNi-CioM; 

llOQ;Il4N»'lIC,oll7-f  II2O 

(5) 

The  presence  of  water  in  the  reactiop  sphere  is  due  to  reaction  in  accordance  with  scheme  (3),  and  it  is  al¬ 
ways  found  in  the  ampoule  at  the  end  of  experiment.  In  the  condensation  of  p-aminophenol  w'ith  a -naphthyl- 
amine  the  addition  of  water  was  made  for  the  specific  purpose  of  suppressing  the  reactivity  of  the  OH  group  [2], 


TABLE  2 


Heating  time 

7o  N 

IS 

N-p-hydroxy- 

phenyl-ot- 

-naphthylamine 

ammonium 

chloride 

80  min 

2.4 

6.4 

2  hr 

3.1 

6.0 

10  hr 

3.3 

5.7 

If  these  reactions  actually  do  take  place,  then 
with  progress  of  reaction  the  ratio  of  hydroquinonc  to 
p-aminophenol  and,  consequently,  the  extent  to  which 
mechanisms  (3 )-(5) are  involved  willincrease.  This 
should  lead  to  a  change  in  the  amount  of  heavy  nitro¬ 
gen  in  the  reaction  products  with  time.  The  results  ob¬ 
tained  in  the  kinetic  experiments  run  by  us  (Table  2) 
lend  support  to  the  theories  expressed  above.  At  the 
start  of  condensation  the  process  involving  cleavage  of 
the  light  amino  group  [mechanisms  (3)-(5)]  plays  a 
lesser  role  (24*70)  •  than  at  the  end  of  condensation  (34*70), 


Reactions  2  and  3  (Table  1),  where  the  p-aminophenol  loses  all  of  its  amino  group  when  condensed  with 
aniline,  apparently  go  in  harmony  with  the  hydrolysis  mechanism  (3)-(5),  The  fact  that  p-hydroxydiphenylamine 
is  obtained  from  hydroquinonc  and  aniline  at  a  higher  temperature  (290*)  [4]  casts  some  doubt  on  this  scheme. 

To  determine  if  It  is  possible  for  these  reactions  to  go  under  the  conditions  used  in  the  condensation  of  the  amines, 
we  ran  the  appropriate  experiments.  Hydroquinonc  with  aniline  and  aniline  hydrochloride  (1:1:1  mole  ratio) 
smoothly  gave  at  210-220*  approximately  the  same  yield  of  p-hydroxydiphcnylamine  as  was  obtained  from  ani¬ 
line  and  p-atninophenol  under  the  same  conditions.  As  a  result,  the  hydrolysis  mechanism  for  the  condensation 
of  p-aminophcnol  with  amines  seems  quite  probable  to  us. 


In  reaction  6  the  amines  differ  greatly  in  basicity.  The  ability  to  form  quinoid  forms  Is  weakly  expressed 
in  the  benzene  series,  and  is  not  manifested  in  the  given  case.  The  mechanism  of  the  reaction  is  determined  by 
the  large  (8  •  10®  times)  difference  in  the  dissociation  constants.  The  strong  base  is  present  chiefly  as  the  salt, 
n-C4H3Nn3'*’,  which  reacts  with  the  free  aniline  by  the  nucleophilic  substitution  mechanism,  described  earlier  [1], 


H 
I » 

Cc"5-N: 


••  n-  C„H5-NMj  — -CgHj-N  H-C<,H9-n  ♦  NH^ 


Il¬ 


fs) 


As  can  be  seen  from  reaction  5  and  earlier-published  cases  [1]  (benzarnide  with  aniline  or  with  a-naphthyl- 
amine),  ammonia  is  always  formed  from  the  nitrogen  of  the  amide  when  amines  are  condensed  with  benzarnide. 
These  results  are  in  harmony  with  the  nucleophilic  substitution  mechanism  depicted  in  scheme  (7).  Addition  of 
the  arylamlne  group  is  facilitated  by  the  fact  that  the  carbonyl  oxygen,  possessing  a  liigh  electron  density,  attracts 
the  proton  of  the  amino  group;  tliis  results  in  the  formation  of  the  ortho- form  of  the  acid  amide: 


2,4  —  0  37  3,3  —  0  37 

•At  the  start  of  condensation,--^ - -  •  100  =  24*70  and,  at  the  end  of  condensation, - - — •  100  =  34*70 

9.0-  0.37  9.0-  0,37 

(total  effect  for  the  entire  reaction  time). 
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♦^0 
N  »z 


H  NH-CjHj 

NH-CjH,  —  CgH5-(-0fTr 

KhJ 


/  * 

C5Hj-C  =  0  +N  Hj 


(7) 


Under  favorable  steric  conditions,  the  cleavage  of  ammonia  occurs  with  the  formation  of  the  acid  arylide, 
Tliis  mechanism  is  analogous  to  that  adopted  by  Porai-Koshits  [5]  for  the  acylation  of  primary  amines.  This 
mechanism  also  finds  analogy  in  the  esterification  of  alcohols,  nitrosation  of  amines,  etc. 


The  results  of  our  study  indicate  the  absence  of  nitrogen  exchange  (or,  more  correctly,  of  the  NH2  group) 
in  systems  composed  of  the  reacting  amines  and  ammonium  chloride  under  the  conditions  of  the  condensation  ex¬ 
periments,  The  results  obtained  in  the  system  p-aminophenol—a-naphthylaminc- ammonium  chloride  do  not 
give  any  direct  indication  as  to  the  absence  of  nitrogen  exchange ,  since  distribution  of  the  between  the  re¬ 
action  products  can  also  be  caused  by  the  exchange.  However,  based  on  the  experiments  made  in  the  present 
study  and  the  analogous  condensation  experiments  made  in  [1],  it  is  possible  to  conclude  that  exchange  also  fails 
to  occur  in  tliis  case,  and  that  the  appearance  of  in  both  reaction  products  is  caused  by  parallel  reactions. 


EXPERIMENTAL 

Penza inide*  was  obtained  by  a  modification  of  the  method  given  in  [6]  from  N*^l4N03  and  benzoyl 
cliloridc,in  97-997o  yield  based  on  the  heavy  ammonium  nitrate  taken  for  reaction,  M.p,  126-128*. 

N^*'-AniUnc  was  obtained  from  N^^-benzamidc  by  the  Hofmann  reaction, in  85-90*70  of  the  theoretical  yield. 

N - N a phth y  1  a m i nc  was  obtained  from  N^®-ammonium  chloride  and  a-naphthol  by  heating  in  an  ampoule 
at  280“  with  anhydrous  sodium  acetate  and  glacial  acetic  acid  [7],  It  was  purified  by  steam  distillation, 

•1-llydroxydiphenylaminc.  The  procedure  used  to  condense  aniline  with  p-aminophenol  was  similar  to  that 
developed  by  l.impricht  [8J  for  obtaining  4-hydroxydiphenylaminc  from  aniline  and  aminosalicylic  acid.  A  mix- 
ttire  of  2  g  of  p-aminophenol  sulfate  (or  the  equivalent  amount  of  p-aminophenol  hydrochloride)  and  2,36  g  of 
N‘^-anilinc  was  heated  under  reflux  in  a  stream  of  pure  nitrogen  for  4  hr  at  210-220*.  A  part  of  the  liberated 
ammonia  was  carried  out  by  the  nitrogen  into  a  receiver  containing  dilute  hydrochloric  acid,  while  the  rest  re¬ 
mained  in  the  reaction  mass  as  ammonium  chloride. 

The  unreacfed  aniline  was  steam  distilled,  while  the  product  was  extracted  from  the  residue  by  treating 
4-5  times  with  boiling  water.*  *  After  standing  for  several  hours,  the  crystalline  p-hydroxydiphcnylamine  was 
suction- filtered,  washed  with  cold  water,  and  dried  in  the  air.  The  yield  of  crude  product  was  33-36*7'’.  Recrystal- 
lization  from  boiling  water  gave  the  compound  as  silver-white  leaflets  with  m.p,  68-69*.  The  filtrates  (first  two 
extractions)  from  the  4-hydroxydiphcnylamine  and  the  acid  solution  from  the  receiver  were  evaporated  to  dryness. 
The  obtained  two  samples  of  ammonium  chloride  were  freed  of  primary  amines  by  precipitation  with  sodium 
cobaltinitrite  [9]  in  alcohol  solution  (1:1),  and  then  were  subjected  to  isotopic  analysis, 

4-Renzamidophenol.  A  mixture  of  equivalent  amounts  of  p-aminophenol  hydrochloride  (0.24  g)  and  N^^- 
-benzamide  (0.2  g)  was  heated  in  a  sealed  ampoule  at  180*  for  6-7  hr.  The  reaction  mass  was  extracted  with 
hot  water.  The  ammonium  chloride  was  isolated  from  the  water  solution,  and  then  it  was  freed  of  amino  com¬ 
pounds  by  precipitation  with  sodium  cobaltinitrite.  The  crude  product  was  recrystallized  from  alcohol  until  a 
constant  melting  point  of  204*  was  obtained.  The  yield  of  crude  product  was  0,28  g,  or  about  80*7o  of  the  theo¬ 
retical. 

N-4-Hydroxyphenyl-a-naphthylainine.  A  mixture  of  1  g  of  p-aminophenol  hydrochloride,  1,1  g  of  N^®- 
-a-naphthylamine,  and  1  g  of  water  was  heated  in  a  sealed  ampoule  for  7  hr  at  210*.  The  black,  tarry  reaction 
mass  was  washed  with  v;ater  to  extract  the  ammonium  chloride.  The  hydrochlorides  of  the  primary  amines  dis¬ 
solved  at  the  same  time.  The  tarry  residue  was  washed  5  times  with  hot  hydrochloric  acid  (1:25)  to  remove  the 
primary  amines.  The  condensation  product  was  extracted  3  times  with  boiling  dilute  alcohol  (1:5),  and  after 
cooling  was  filtered.  The  crude  N-4-hydroxyphenyl-a-naphthylamine  was  recrystallized  from  alcohol  (1:4)  until 


•  The  details  of  synthesizing  the  labeled  compounds  will  be  published  separately, 

•  "Treatment  of  the  product  with  dilute  hydrochloric  acid  by  the  Limpricht  technique  to  remove  primary  amines 
was  not  suitable  in  our  case,  since  p-hydroxydiphenylamine  is  quite  soluble  in  dilute  mineral  acids. 


1650 


a  copetmt  melrinjj  point  of  87-91*  v/-*?  obtained.  The  yield  of  pure  product  Wtas  0.15-0.20  g,  or  9-12‘7'’  of  the 
iheorctical. 

The  water  solution  of  ammonium  chloride  plus  primary  amines  as  impurity  was  evaporated  to  dryness,  the 
residue  was  dissolved  in  alcohol  (1:1),  and  the  ammonium  ion  was  precipitated  with  sodium  cobalti nitrite.  Tlie 
ammonia  obtained  by  dcconipo'u'ticn  of  the  precipitate  with  alkali  was  absorbed  in  hydrochloric  acid,  and  then 
was  subjected  to  isotopic  analysis. 

n-Butylaniline.  The  condensation  of  aniline  with  n-butylamine  gave  a  complex  mixture  of  various  amines: 
dibutylamine,  diphenylam’nc,  butylanilinc,  dibutylaniline,  tributylamine,  and  unreacted  primary  amines.  In 
order  to  increase  the  amount  of  butylaniline  in  the  reaction  products,  it  is  advisable  to  run  the  reaction  using  a 
large  excess  of  aniline.  After  investigating  the  effect  of  temperature  and  the  ratio  of  the  components  on  the  yield 
of  butylaniline,  we  adopted  the  following  optimum  procedure. 

A  mixture  of  1.5  g  of  n-butylamine,  2.58  g  of  aniline  hydrochloride,  and  3,72  g  of  aniline  was  heated  in 
a  sealed  ampoule  for  17-20  hr  at  220-240*.  Toward  the  end  of  reaction,  white  crystals  of  ammonium  chloride 
appeared  in  the  initially  homogeneous  solution.  The  oil  was  filtered  from  the  crystals  and  then  mixed  with  130 
ml  of  10^0  sodium  hydroxide  solution,  ibis  was  followed  by  the  gradual  addition  of  8  ml  of  benzenesulfonyl 
chloride,  after  which  the  mixture  was  gradually  heated  and  mixed  until  the  odor  of  the  bcnzcuesulfonyl  chloride 
disappeared.  The  mixture  of  benzencsulfotiamides  of  secondary  amines,  tertiary  amines,  and  diphcnylamine,  re¬ 
maining  as  an  oil,  was  extracted  with  ether,*  and  the  ether  extract  was  washed  with  hydrochloric  acid  (1:25)  to 
remove  the  tertiary  amines.  Then  the  ether  was  evaporated,  after  which  the  residue  was  placed  in  an  ampoule 
with  25*70  hydrochloric  acid  and  heated  for  30  hr  at  150*.  The  mixture  after  hydrolysis  was  diluted  with  water, 
and  the  insoluble  diphcnylamine  was  extracted  with  ether.  The  acid  solution  was  made  alkaline  and  the  amines 
were  extracted  with  ether.  The  ether  solution  was  then  transfened  to  a  separatory  funnel  containing  water,  and 
carbon  dioxide  was  bubbled  through  the  liquid  for  40  min.  Here  the  dibutylamine  went  into  the  water  solution, 
while  the  residual  n-biitylaniline  was  extracted  with  ether.  The  ether  solution  was  then  dried  over  sodium  hy¬ 
droxide,  the  ether  was  removed,  and  the  crude  n-butylaniline  was  vacuum  distilled.  The  product  was  Identified 
from  the  boiling  point  and  tire  refractive  index.  In  different  experiments  we  obtained:  b.p.  from  237*  to  242* 
and  n^^D  from  1.5374  to  1,5393,  instead  of  241-242*  and  1.5381  (according  to  the  literature). 

In  several  experiments  the  pure  n-butylaniline  was  also  identified  using  3-nitrophthalic  anhydride  [10],  A 
mixture  of  stoichiometric  amounts  of  butylaniline  and  anhydride  was  heated  for  7  min  at  145*.  The  obtained 
N-butyl-N-phcnyl-3-nitrophih3lamic  acid  (HI)  was  rccrystallizeJ  from  alcohol  (3:2),  and  then  dried  at  100*. 

M.p.  197*,  201*  (according  to  the  literature  [10],  204-206*),  The  hydrolysis  of  (III)  was  effected  by  heating  it  for 
1  hr  under  reflux  with  1:4  hydrochloric  acid  solution,  after  which  the  acid  solution  was  made  alkaline,  and  the 
free  n-bntylaniline  again  extracted, 

p-  and  in-Chlorophcnyl-«-naphthylamines  [11],  A  mixture  of  1.3  g  of  N*®-ct -naphthyl amine  and  0,93  g 
of  either  p-  or  m-chloroaniline  (molar  ratio  1:1)  was  heated  in  a  sealed  ampoule  for  6-7  hr  at  170-180*.  The 
ampoule  contents,  having  a  dark,  tarry  appearance,  were  washed  once  with  boiling  water,  3  times  with  hot  dilute 
hydrochloric  acid,  again  with  water,  and  after  drying  were  vacuum  distilled  (1-2  mm  of  Ilg),  The  distilled  oil 
solidified,  and  was  rccrystallizcd  2-3  times  from  alcohol.  The  melting  points  of  the  compeunds  purified  in  this 
manner  were:  N-p-chlorophcnyl-ot-naphihylamine  98*  (from  the  literature  [11],  102-103"),  and  N-m-chloro- 
phcnyl-ct-naphthylamine  68*  (from  the  literature  [11],  72-73*).  The  yields  of  the  pure  products  ranged  from  0,2 
to  0.36  g,  or  from  10  to  18*7^01  theoretical. 

Isotopic  analysis  of  the  nitrogen.  The  samples  of  ammonium  chloride,  purified  as  described  above,  were 
decomposed  with  sodium  hypobromite  in  a  Rittenberg  apparatus  [12],  and  the  obtained  nitrogen  was  collected  in 
a  small  flask  fitted  with  a  stopcock.  The  organic  materials  wetp  digested  by  the  Kjcldahl  method,  using  H2SO4 
and  potassium  sulfate,  and  copper  oxide  as  the  catalyst.  After  making  alkaline,  the  ammonia  was  distilled  from 
the  solution  into  hydrochloric  acid,  and  was  obtained  as  dry  ammonium  chloride  on  evaporation  of  the  acid  solu¬ 
tion.  The  nitrogen  contained  in  the  ammonium  chloride  was  also  converted  to  elemental  nitrogen,  and  the  latter 
was  then  subjected  to  isotopic  analysis. 

"Ill  several  experiments  this  mixture  was  refluxed  for  30  min  with  sodium  ethylate  solution  to  decompose  any 
possibly  formed  disulfonamidcs  of  the  primary  amines,  which  are  also  insoluble  in  alkali.  The  results  obtained 
with  such  a  treatment  and  without  it  were  the  same. 
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The  mass-spectrometric  analyses  were  made  by  measuring  the  peaks  at  28  and  29  (and  at  30,  when  the 
amount  of  heavy  nitrogen  exceeded  5‘5('). 

Correction  for  the  amount  of  air  in  the  sample  was  made  by  calculating  the  value  of  the  oxygen  peak  at 
32,  The  relative  accuracy  of  the  mass-spectrometric  measurements  was  3-5‘!/o, 

We  wish  to  thank  A.  I.  Brodskii,  Academician  of  the  Academy  of  Sciences  of  the  Ukrainian  SSR,  for  his 
assistance  in  the  work  reported  here. 


SUMMARY 

The  mechanism  of  the  condensation  of  amines  was  investigated  using  the  heavy  nitrogen  Isotope,  The 
theory  was  expressed  that  the  mechanism  can  be  different,  depending  on  the  nature  of  the  amines.  In  the  pairs 
composed  of  an  amine  of  the  benzene  series  plus  naphthylamlne  the  amino  group  iscleaved  from  the  naphthylamlne, 
probably  because  of  the  formation  of  the  qulnold  structure  in  it.  In  the  case  of  amines  differing  greatly  in  basic¬ 
ity,  the  amino  group  is  cleaved  from  the  stronger  base  by  the  nucleophilic  substitution  mechanism.  The  con¬ 
densation  of  amine  with  amide  proceeds  by  the  nucleophilic  substitution  mechanism  with  the  formation  of  the 
intermediate  ortho-form  of  the  acid  amide,  and  for  this  reason  always  with  cleavage  of  the  amide  nitrogen. 

It  was  established  that  nitrogen  exchange  is  absent  under  our  experimental  conditions  in  systems  composed 
of  the  reacting  amines  and  ammonium  clilorlde, 
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Quaternary  salts  of  N-arylquinolinlum  bases  containing  an  active  methyl  group  In  thea-positlon  to  the 
nitrogen  hettroaiom  are  characterized  by  the  methyl  group  entering  readily  into  many  reactions  with  orihoesters, 
aromatic  aldehydes,  ketones,  diazo  compounds,  nitroso  compounds,  etc,  [1-4], 

Continuing  our  study  of  azomethine  compounds,  we  reacted  some  of  the  new  salts  obtained  by  us  with  n’tro- 
sonaphthol,  and  here  we  obtained  azomethine  intraionold  dyes,  which  were  characterized.  The  formation  of  these 
dyes  went  in  accordance  with  the  following  scheme: 


The  structure  of  the  obtained  compounds  was  verified  by  the  analytical  and  spectrophotometric  data.  It 
was  observed  that  the  more  deeply  colored  dyes  —  the  free  bases  —  when  acidified  in  alcohol  solution  show  a  sharp 
heightening  in  the  color,  v;hich  corresponds  to  a  transition  of  the  free  base  to  the  salt. 


Intraionold  dyes  possess  the  ability  to  change  color ,dcpendlng  on  the  solvent  [5],  The  azomethine  dyes 
synthesized  by  us  also  possess  the  property  of  solvatochromism,  which  can  be  seen  from  the  absorption  curves  and 
the  data  given  in  the  tabic,  where  the  absorption  maxima  in  various  solvents  are  shown. 

From  the  data  given  in  the  table  it  can  be  seen  that  all  of  the  compounds,  taken  separately  in  cither  ethyl 
or  methyl  alcohol,  possess  relatively  close  absorption  maxima,  whereas  in  the  other  solvents,  except  carbon  tetra¬ 
chloride,  the  dyes  with  a  quinoline  perichromc  each  have  two  absorption  maxima,  of  wliich  those  In  the  long¬ 
wave  region  are  shifted  toward  the  red  portion  of  the  spectrum  by  a  substantial  amount  (20-40  mfi).  The  presence 
of  substituents  in  the  quinoline  ring  and  on  the  nitrogen  heteroatom  has  little  effect  on  the  color.  In  methyl  al¬ 
cohol,  when  compared  to  ethyl  alcohol,  a  hypsochromic  shift  of  the  absorption  maximum  by  13-17  mp  Is  ob¬ 
served,  The  appearance  of  two  absorption  maxima  and  a  bathchromic  sliift  both  indicate  that  the  formation  of 
compounds  with  different  energy  levels  occurs  when  the  dye  and  solvent  molecules  are  excited,  and  that  excita¬ 
tion  of  the  vibrational  levels  in  the  conjugated  double  bonds  occurs  simultaneously  with  the  electron  transitions 
[6],  The  absorption  curves  for  all  of  the  listed  compounds,  when  dissolved  in  either  methyl  or  ethyl  alcohol  or 
in  carbon  tetrachloride,  show  only  one  absorption  maximum  (Fig,  1), 
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Absorption  Maxima  of  Dyes  In  Various  Solvents 


Expt. 

No. 


Formula  of  dye 


|  _  Ab^rption  maxima  of  the  dyes  (In  mp  ) 


jethan-jmetha-jchloro- 1 
|oI  pol  jform 

ben-  ; 

zene  < 

icet-  |c 
3ne  c 

11-  < 
t 

)xane  < 

:arbon 

bliVorlde 

1 

cncj 

047 

044. 

042. 

63.3, 

636, 

645 

685 

688 

669 

679 

fir.7 

O'lO 

040, 

649. 

634, 

641, 

649 

683 

090 

667 

682 

or,:. 

052 

044. 

641, 

033, 

037, 

643 

fi85 

084 

671 

680 

or, 9 

044 

095 

059. 

678 

054, 

664 

704 

692 

or, 8 

042 

094 

000. 

676 

656, 

066 

706 

1 

692 

•  These  dyes  were  described  earlier  [4], 
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(continued) 


Expt. 

No. 

Formula  of  dye 

Absorption  maxima  of  the  dyes  (in  mji ) 

:than- 

3l 

meth? 

nol 

chloro 

form 

ben¬ 

zene 

acet¬ 

one 

di.  carbon 
itetra- 

oxane  jchloridc 

6 

/\ 

h  ^ 
X) 

661 

G'ie 

695 

663, 

708 

675 

656, 

694 

1 

1 

A,  mp 


Fig,  1.  Absorption  spectra  of  2-oxonaphthyl-l-(l- 
-pbenyl-2-quinoline)azomethlne:  1)  in  ethyl  al¬ 
cohol;  2)  in  methyl  alcohol;  3)  in  chloroform;  4) 
in  benzene;  5)  in  acetone;  6)  in  dioxane;  7)  in 
carbon  tetrachloride. 


A,  mp 


Fig.  2.  Absorption  spectra  of  2-oxonaphthyl-l-(l- 
-phenyl-5,6-bcnzo-2-qiiinoline)azomethine:  l)  in 
ethyl  alcohol;  2)  in  methyl  alcohol;  3)  in  chloro¬ 
form;  4)  in  benzene;  5)  in  acetone;  6)  in  dioxane; 
7)  in  carbon  tetrachloride. 


The  dyes  In  which  one  of  the  perichromes  Is  the 
benzoquinoline  nucleus,  taken  In  all  of  the  solvents  ex¬ 
cept  the  alcohols ,  show  a  bathochromic  shift  of  the  ab¬ 
sorption  maxima  when  compared  with  the  azomethlnes 
containing  a  quinoline  perichroine.  In  chloroform  and 
acetone  the  compounds  with  a  quinoline  perlchrome 
give  absorption  curves  with  two  maxima,  while  the  dyes 
with  a  benzoquinoline  structure  have  only  one  absorption 
maxima  (Fig,  2), 

It  should  be  mentioned  that  the  synthesized  azo- 
methine  dyes  are  extremely  light  sensitive.  Thus,  it 
was  observed  that  their  colored  solutions  in  the  indicated 
solvents  became  completely  colorless  in  10-15  hr.  This 
process  is  especially  rapid  in  carbon  tetrachloride  solu¬ 
tion,  where  dccolprization  occurs  within  30  min, 

EXPERIMENTAL 

2-Oxonaphthyl-l-[l-(l-p-tolyl)-G-methyl-2-quino- 
linejazomethine,  A  mixture  of  0,5  g  of  l-(p-tolyl)-6- 
-methylquinaldinium  perchlorate  and  0,25  g  of  a-ni- 
troso-B -naphthol  was  dissolved  in  20  ml  of  hot  alcohol. 
Then  2-3  drops  of  piperidine  were  added  to  the  hot  solu¬ 
tion,  and  this  caused  the  solution  to  change  instantly 
from  a  light-yellow  to  a  blue-green  color.  The  reaction 
mass  was  heated  to  the  boil,  and  then  2-3  ml  of  water 
was  added.  On  cooling,  the  azomethine  crystallized  as 
lustrous  golden  scales.  Yield  0.45  g  (77^0),  After  re¬ 
crystallization  from  alcohol,  m.p,  177-178*  (decomp,). 
The  absorption  curve  was  taken  with  an  automatic-re¬ 
cording  SF-2M  spectrophotometer.  The  absorption  maxi¬ 
mum  in  alcohol  lies  at  856  mil , 

Found  N  7,42,  7,00,  C23H220N2,  Calculated 
N  6.96, 

2-Oxonaphthyl-l-[l-(p-tolyl)-5,6-benzo-2- 
-quinolinelazomethine .  A  mixture  of  0,5  g  of 
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l-(p-tolyl)-5,6-bcnzoquinaldinium  iodide  and  0,21  g  of  a-nitroso-6 -naphthol  was  dissolved  in  10  ml  of  hot  al¬ 
cohol,  followed  by  the  addition  of  2  drops  of  piperidine  to  the  hot  solution,  and  here  the  color  changed  from  a 
brown  to  a  blue-green.  Then  5  ml  of  alcohol  and  2  ml  of  water  were  added  to  the  reaction  mass.  The  reaction 
mass  on  standing  deposited  a  dark-blue  powder,  while  some  of  the  product  also  separated  as  tiny  glistening  crys¬ 
tals,  Yield  0,35  g  (C6'’/o).  Recrystallization  from  alcohol  gave  the  compound  as  a  dark-green,  finely  crystalline 
powder  with  m.p,  210-211*.  The  absorption  maximum  in  ethanol  lies  at  658  m/i , 

Found  7o:  N  6.83,  6.42.  C3iH220N2.  Calculated  N  6.38. 

2-Oxonaplu!iyl-l-[  ]-(a-naphtliyl)-2-qiiinoline]azomethinc.  A  mixture  of  0,5  g  of  l-(oc-naphthyl)quin- 
aldinium  perchlorate  and  0.22  g  of  o(-nitroso-0  -naphthol  was  dissolved  in  15  ml  of  hot  alcohol,  and  then  1-2 
drops  of  piperidine  were  added,  Tlie  reaction  mass  soon  assumed  a  blue-green  color.  On  adding  2-3  ml  of  water 
and  rubbing  with  a  rod,  the  reaction  product  crystallized  as  a  lustrous  bronze  powder.  Yield  0,34  g  Re- 

crystallization  from  alcohol  gave  the  compound  as  bronze  needles  with  m.p.  190-191*.  The  absorption  maximum 
in  ethanol  lies  at  666  mp  , 

Found  *70:  N  6,43,  6.61.  C30H20ON2.  Calculated ‘HSj;  N  6.59, 

2-Oxonaphthyl-l-[l-(fl-naphlhyl)-5,6-benzo-2-quinolinc]azomethine,  One  gram  of  1-(S -naphthyl)-5,6- 
-bcnzoquinaldinium  iodide  and  0.55  g  of  ot-nitroso-iS -naphthol  were  each  dissolved  in  10  ml  of  alcohol.  The 
alcohol  solutions  were  then  poured  together,  2-3  drops  of  piperidine  were  added, which  caused  the  color  of  the  re¬ 
action  mass  to  become  blue-green,  and  then  the  reaction  product  began  to  separate  as  a  tar,  which,  after  adding 
10  ml  of  alcohol  and  stirring,  changed  to  a  finely  crystalline  powder.  Yield  0.74  g  (62.770),  Recrystallization 
from  alcohol  gave  the  compound  as  bronze  needles  with  m.p,  189-190*.  The  absorption  maximum  in  ethanol 
lies  at  CGI  m|i , 

Found  7:  N  6.30,  5.83.  C34H22ON2.  Calculated  7:  N  5.90, 

SUMMARY 

1.  It  was  shown  that  the  reaction  of  N-arylqulnaldinium  quaternary  salts  with  nitrosonaphthol  yields  azo- 
inethine  dyes, 

2.  The  azomethinc  dyes  change  their  color  when  dissolved  in  different  solvents}  this  Is  confirmed  by 
their  absorption  spectra,  taken  in  the  visible  region. 
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The  quaternary  salts  of  phenazine  and  its  various  derivatives  are  used  in  the  syntViCsls  of  certain  antibiotics, 
azine  dyes,  and  analytical  reagents.  Because  of  the  uniform  distribution  of  the  electron  densities  between  the 
two  nitrogen  atoms,  the  unsubstituted  phenazlne  gives  only  one  quaternary  salt.  For  the  monosubstituted  phen- 
azincs,  and  especially  for  those  which  contain  substituents  exerting  electronic  effects  on  the  process  of  salt  forma¬ 
tion,  it  is  possible  for  the  formation  of  two  isomeric  quaternary  salts  to  occur,  for  example: 


T( 


I 

Clin 


cii^so- 


CM.,  CII,SOr 

In  this  reaction,  the  positive  alkyl  ion  is  an  acceptor  of  electrons,  and  attack  by  the  alkylating  agent  is 
directed  mainly  toward  the  nitrogen  atom  of  the  unsymmctrically  substituted  phenazine  molecule  with  the  higher 
electron  density.  Actually,  a  mixture  of  the  two  isomeric  salts  is  always  formed  here.  The  preparative  separation 
and  identification  of  these  salts  are  associated  with  great  difficulties,  at  times  Insurmountable, 


Fig.  1,  Absorption  spectra:  1)  phenazine; 
2)  O-mcthylphcnazinium  perchlorate  (in 
alcohol). 


ico  iio  koa  jio  jaa  no 


nifi 

Fig.  2,  Absorption  spectra;  1)  1-phcnyl- 
phenazine;  2)  l-phcnyl-9-methylphcn- 
azlnium  perchlorate  (in  alcohol). 
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Fig,  3.  Absorption  spectra;  1)  2-phenyl“6 
-methoxyphenazlnc;  2)  2-phcnyl-6-meth* 
oxy- 10- methylphenazinium  perchlorate 
(in  alcohol). 


mp 

Fig,  4,  Absorption  spectra;  1)  1-phenyl- 7 
-methoxyphenazlne;  2)  l-phenyl-7-meth- 
oxy- 10-  methylphenazinium  perchlorate 
(In  alcohol). 


TABLE  1 

Quaternary  Phenazlnlum  Salts  (Perchlorates),  Obtained  by  the  Reduction  of  Quaternary 
Salts  of  Phenazine  N-Oxldes  with  Z,inc  Dust 


Substituents  in  the 
phcnaziniinn  salt 
molecule 

Decomp 

temp. 

Yield 

m 

Absorp¬ 

tion 

Found  Vo 

Calc, 

% 

maxima 

(miO 

N 

Cl 

Formula 

N 

Cl 

9- Methyl 

2010 

57 

259,  384 

9.70, 

9.09 

12.<'S, 

11.90 

CnllnOiNzCl 

9.51 

12.05 

2-Chloro-9- methyl 

170 

85 

2(53,  397 

8.40, 

8.25 

21. . 56, 

21. . 39 

Cinnio04N2Cl2 

8.51 

21.58 

2-Chloro-l  0-mcthyl 

222 

25 

204,  392 

8.54 

21.52, 

21.71 

ii.4;», 

1 1 .40 

Cm  11 10^4  ^2^12 

8.51 

21.58 

2-  Methox)H>-incthyl 

205 

49 

205,  391, 
442 

8..5.S. 

8.00 

CUM1.1O5N2CI 

8.63 

10.94 

‘2-Methoxy-lO- 
-  methyl 

188 

78  1 

200,  395, 
440 

8.93, 

8.02 

10.90, 

11.04 

C,4ll,:,05N..Cl 

8.63 

10.94 

2-Chloro-6-rneth- 
oxy- 9- methyl 

211 

32 

271,  388, 
455 

7.96, 

7.81 

19.05, 

19.82 

Cj4 11 12O5N2CI2 

7.80 

19.54 

l-Phenyl-9- methyl 

190 

10 

208,  394 

7.34, 

7.19 

9.57, 

9.09 

C,nlli.^,04N..CI 

7.55 

9.58 

l-PhenyHO  methyl 

217 

49 

250,  207, 
387 

7..57, 

7.73 

— 

C,oI1m04N2CI 

7.55 

— 

2- Phenyl*  9 -methyl 

237 

30 

270,  417 

7. .52, 
7.58 

9..53, 

9.71 

Cio1Ik,04N’2C1 

7.55 

9.58 

2- Phenyl-10*  methyl 

205 

87 

270,  409 

7. .50, 
7.59 

9.54, 

9.33 

(  <jr|l  !  15^4  ^2^^ 

7.55 

9.58 

2- PhenyHrrnethoxy 
-9-methyl 

105-107 

8 

279,  410, 
4!  11 

7.42, 

7.44 

8.73, 

8.72 

CzoUnO.NjCl 

7.00 

8.86 

l-Phenyl->mcthoxy 
-10- methyl 

238 

37 

270,  385, 
490 

().98 

9.06, 

9.08 

C20H17O5N2CI 

0.99 

8.86 

A  method  for  obtaining  phenazine  quaternary  salts  of  precisely  determined  structure  is  described  in  this  paper. 
The  ability  discovered  by  us  of  phenazine  and  quinoxaline  N- monooxides  reacting  with  dimethyl  sulfate  to  form 
the  quaternary  salts  of  the  N-oxides[l]  served  as  the  lead  for  developing  this  method.  Utilizing  the  established 
rule  [2],  on  the  basis  of  which,  in  the  alkaline  condensation  of  aromatic  nitro  and  amino  compounds  (by  the 
Wohl  method)  it  is  possible  to  predetermine  the  location  of  the  oxide  oxygen  in  the  phenazine  N-oxide  by  proper 
choice  of  the  reacting  components,  we  prepared  a  series  of  isomeric  N-oxides  of  phenazine  derivatives.  These 
oxides  were  obtained  so  that  one  of  the  two  centers  of  basicity  in  the  phenazine  molecule  (either  the  9-  or  the 
10-nitrogen  atom)  was  linked  to  the  oxygen,  while  the  other  remained  exposed  to  the  action  of  the  alkyl  ion. 

Then  the  obtained  quaternary  salts  of  the  phenazine  N-oxides  were  reduced  with  zinc  dust  to  the  true  quaternary 
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salts  of  the  bases.  The  method  for  the  directed  synthesis  of  the  qiilijarine  quaternary  salts  can  be  Illustruted  by 
the  scheme  for  the  preparation  of  the  two  Isomeric  salts  of  2-phenylphenazine, 


Qlh. 
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CII3  X- 
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QH,, 


i 

o 

CH3  X- 
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i 
o 


I 


^/Xn^X^ 


As  a  result,  a  path  is  uncovered  for  the  separate  preparation  of  quaternary  salts  of  normal  structure  (salts 
where  the  alkyl  ion  is  attached  to  the  nitrogen  atom  with  a  high  electron  density),  as  well  as  of  salts  of  anoma¬ 
lous  structure  (salts  where  the  alkyl  ion  is  attached  to  the  nitrogen  atom  with  a  low  electron  density).  The  qua¬ 
ternary  salts  of  anomalous  structure  are  somewhat  less  stable  than  the  salts  of  normal  structure:  The  decomposi¬ 
tion  temperatures  of  the  first  are  lower  than  those  of  the  second.  The  described  method  was  tested  on  various 
phenazinc  derivatives  (Table  1),  All  of  the  quaternary  salts  prepared  by  this  method  were  characterized  by  their 
melting  points  and  decomposition  temperatures,  and  by  their  ultraviolet  absorption  spectra  in  alcohol  solutions, 
in  concentrations  ranging  from  10"^  to  10"®M,  In  salt  formation  the  spectrum  of  the  free  base  is  shifted  toward 
longer  wavelengths,  and  the  bands  in  the  long-wave  region  are  intensified;  in  this  connection,  the  short-wave 
bands  become  weaker.  The  same  changes  also  take  place  when  the  other  phenazine  derivatives  are  converted  to 
the  salts  (Figs,  1  and  2),  • 

The  absorption  spectra  of  the  quaternary  salts  of  phenazine  and  its  various  derivatives  show  two  groups  of 
bands:  The  very  strong  bands  lie  in  the  short-wave  region  of  the  spectrum  in  the  vicinity  of  250  mfi ,  while  the 
weak  bands  are  found  in  the  long-wave  region  around  400  m/i ,  In  the  case  of  some  of  the  derivatives  (most  fre¬ 
quently  for  the  disubstituted  derivatives),  a  third  band  appears  in  the  vicinity  of  500  mfi ,  as  illustrated,  for  ex¬ 
ample,  by  2-phenyl-6-mcthoxy-10-mcthylphenazinium  perchlorate  and  l-phenyl-7-mcthoxy-lO-methyl- 
phenazinium  perchlorate  (Figs,  3  and  4), 

The  N- monooxides  of  the  substituted  phenazines  (Table  2)  were  obtained  by  the  standard  method  of  alka¬ 
line  condensation  of  the  appropriate  nitro  and  amino  derivatives  of  benzene  or  diphenyl.  Examples  of  obtaining 
the  isomeric  9-  and  lO-oxides  of  2-phenyl- 6-chlorophcnazine  are  given  in  the  experimental  section.  All  of  the 
phenazine  N-oxides  were  purified  chromatographically  on  aluminum  oxide  from  benzene  solution.  The  phen¬ 
azine  N-monooxidcs  are  easily  distinguished  from  the  corresponding  bases  by  the  following  criteria, 

a)  With  the  exception  of  the  compounds  where  steric  hindrance  is  present,  the  phenazine  monooxidcs  ex¬ 
hibit,  in  contrast  to  the  bases  corresponding  to  them,  a  strong  fluorescence  in  either  benzene  or  chloroform  solu¬ 
tion  when  irradiated  with  a  quartz  lamp  equipped  with  an  ultraviolet  light  filter.  Some  of  the  phenazine  oxides 
also  fluoresce  in  the  daylight.  An  especially  strong  fluorescence  is  observed  for  those  phenazinc  N-oxides 
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Alkaline  Condensation  of  Aromatic  Nitro  Compounds  with  Aromatic  Amines,  Phenazine  N-Oxide  Derivatives 
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Quaternary  Salts  (Perchlorates)  of  Phenazine  and  Quinoxaline  N-Oxides 
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^  m|i 


Fig,  5.  Absorption  spectra;  1)  phenazine; 
2)  phenazine  9- oxide;  3)  1-phenylphena- 
zine  10-oxide  (in  alcohol). 


containing  an  OCHs  group  in  the  2-position,  The  greatest  lu¬ 
minescence  is  observed  in  the  case  of  1-phenyl- 7- methoxy- 
phenazine  10-oxide,  The  isomeric  9-oxidc  is  completely  non- 
fluorescent, 

b)  Besides  the  melting  points,  the  phenazine  N- mono¬ 
oxides  are  also  characterized  by  their  decomposition  tempera¬ 
tures,  which  at  times  coincide  with  the  melting  points  of  a 
given  compound,  or  lie  above  them, 

c)  The  absorption  spectra  of  the  phenazine  N- monooxides 
are  characterized  by  having  a  group  of  bands  (from  3  to  5)  in 
the  350-450  m/i  region  which,  on  reduction,  merge  into  one 
slight  band ,  lying  near  360  mp  ,  This  portion  of  the  spectrum 

is  shown  in  Fig,  5  for  phenazine,  its  N-oxide,  and  for  1-phcnyl- 
phenazine  10-oxide, 

Tlie  preparation  of  the  quaternary  salts  of  the  phenazine 
N-oxides,  as  well  as  their  reduction,  has  been  reported  in  part 
in  previous  papers  [1,3],  The  data  on  the  quaternary  salts  of  the 
phenazine  N-oxides  are  given  in  Table  3, 


EXPERIMENTAL 

Formation  of  N-monooxidcs  of  phenazine  derivatives.  The  standard  procedure  [3]  was  used  to  obtain  the 
N-monooxides  by  the  alkaline  condensation  of  nitro  and  amino  derivatives  of  benzene  or  diphenyl  in  the  presence 
of  powdered  KOH  in  boiling  benzene.  The  synthesis  of  the  9-  and  10-oxides  of  2-phenyl- 6-chlorophenazine  is 
described  below, 

2-Plienyl-6-chlorophcnazinc  9-oxidc,  A  mixture  of  51  g  of  p-aminodiphenyl,  63  g  of  p-nitrochlorobenzene, 
and  120  g  of  powdered  KOI!  was  refluxed  with  mechanical  stirring  in  500  ml  of  benzene  for  22  hr.  The  benzene 
layer  was  decanted,  and  the  residue  in  the  reactor  was  extracted  with  boiling  benzene  (3  X  250  ml).  The  benzene 
extracts  were  combined,  washed  with  water,  and  steam-distilled.  The  residue,  containing  2- phenyl- 6-chloro¬ 
phenazine,  its  N-oxide,  4-phenyl-4'-chloroazobenzene,  and  other  condensation  products  was  dried,  dissolved  in 
benzene  (500  ml),  and  chromatographed  on  aluminum  oxide  (column  900  X  40).  From  the  third  zone  (counting 
from  the  bottom  ),  showing  strong  fluorescence  under  a  quartz  lamp  equipped  with  an  ultraviolet  light  filter,  we 
isolated  6.1  g  of  2-phcnyl-6-chlorophenazinc  9-oxide  (yellow  needles).  The  N-oxide  is  readily  soluble  in  aro¬ 
matic  solvents,  chloroform,  dioxane,  and  alcohol,  is  difficultly  soluble  in  petroleum  ether,  and  is  practically  in¬ 
soluble  in  water.  The  compound  exhibits  a  bright-yellow  fluorescence  in  chloroform  solution, 

2- Phenyl- 6-chlorophenazine  IQ-oxide  was  obtained  in  the  same  manner  as  the  preceding  from  80  g  of  p- 
-nitrodiphcnyl,  38  g  of  p-chloroaniline,  and  120  g  of  KOH  in  500  ml  of  benzene  (20  hr).  We  isolated  4,92  g  of 
2-phcnyl- 6-chlorophenazine  10-oxide  (yellow  needles)  from  the  third  zone  of  the  cliromatogram.  The  compound 
exhibits  yellow  fluorescence  in  CIICI3  solution. 

Formation  of  quaternary  salts  of  phenazine  N-oxides.  The  following  technique  was  used  to  convert  the  N- 
-oxidcs  of  phenazine  and  its  various  derivatives  to  the  quaternary  salts  of  the  N-oxides.  The  weighed  sample  of 
phenazine  oxide  (about  0.3-0,5  g)  was  dissolved  in  1  ml  of  pure,  dry  nitrobenzene  at  110-115*  in  a  test  tube 
fitted  with  a  thermometer;  then  the  dialkyl  sulfate  was  added  to  the  obtained  solution,  and  the  temperature  was 
raised  to  125-130*  (oil  bath).  Usually,  the  mixture  assumed  a  bright-red  color  at  this  temperature.  The  start  of 
salt  formation  was  detected  by  the  sharp  rise  in  temperature  due  to  the  exothermic  reaction.  To  avoid  overheat¬ 
ing  the  salt,  the  test  tube  was  removed  from  the  bath  at  this  point.  The  end  of  reaction  is  easily  established  by 
moistening  a  test  drop  of  the  mixture  with  water  on  a  watch  glass:  The  methyl  sulfates  of  the  phenazine  N-oxides 
are  completely  soluble  in  water.  When  the  reaction  is  carried  out  successfully,  the  salt  formation,  when  using 
the  alkyl  and  alkoxy  derivatives  of  the  N-oxides,  is  complete  in  3-8  min;  in  the  case  of  the  chloro  derivatives, 
where  the  basicity  of  the  salt-forming  nitrogen  is  greatly  lowered,  the  reaction  is  ended  in  10-12  min;  approxi¬ 
mately  the  same  length  of  time  is  required  for  the  phenyl  derivatives  of  the  phenazine  N-oxides,  The  reaction 
mass  is  colored  dark  red;  if  the  salt  is  overheated,  the  product  assumes  a  brownish  color.  At  the  same  time,  the 
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yield  of  ihc  salt  ii  lowered,  and  the  reaction  product  requiics  extensive  purification.  At  tiuies  the  quaternary  salt 
deposits  as  a  thick  slurry  of  fine  crystals  during  the  time  of  reaction.  In  such  cases,  the  reaction  mass  is  cooled, 
and  the  quaternary  salt  is  transferred  to  a  small  filter,  where  it  is  washed  with  dry  toluene  and  ether.  Usually  the 
quaternary  salt  is  obtained  in  a  very  pure  state  as  uniform  needles,  plates,  or  prisms.  If  the  reaction  mass  fails  to 
crystallize  when  cooled,  it  is  stirred  thoroughly  with  toluene  to  extract  the  nitrobenzene  and  excess  dialkyl  sul¬ 
fate,  This  extraction  of  the  impurities  with  fresh  toluene  is  continued  until  the  quaternary  salt  deposits  as  a  thick 
sticky  mass  on  the  walls  of  the  test  tube.  The  extraction  is  ended  by  washing  with  ether.  The  obtained  quatern¬ 
ary  salt  can  then  be  recrysta’Iized  from  a  little  alcohol  with  the  addition  of  activated  carbon,  or  it  can  be  dis¬ 
solved  in  5-7  ml  of  water,  and  after  treatment  with  activated  carbon  it  can  be  precipitated  by  the  addition  of 
sodium  perchlorate. 

All  of  the  quaternary  salts  of  the  substituted  phenazine  N-oxides  are  colored  either  a  bright  orange  or  red, 
and  in  this  way  are  easily  distinguished  from  the  salts  of  the  corresponding  bases,  which  are  colored  either  yellow 
or  dark  yellow.  The  quaternary  salts  of  the  phenazine  N-oxides  can  be  stored  for  a  long  time  (8-12  months)  with¬ 
out  change;  they  are  all  soluble  (the  methyl  sulfates  are  very  soluble,  the  iodides  arc  more  difficultly  soluble, 
and  the  perchlorates  are  difficultly  soluble)  in  water,  alcohol,  and  dioxane;  they  are  capable  of  being  reduced  to 
the  true  quaternary  salts  of  the  corresponding  bases.  The  preparation  of  the  new  quaternary  salts  of  the  N-oxides 
of  2-phenyl- 6-chlorophenazine  is  described  below, 

2-  Phcnyl-6-chloro-10-methylphcnazinium  9-oxide  perchlorate.  To  a  solution  of  0.31  g  of  2-phenyl- 6- 
-chlorophenazine  9-oxide  in  1  ml  of  nitrobenzene  at  115-116*,  in  an  oil  bath,  was  added  1  ml  of  neutral  dimethyl 
sulfate,  after  which  the  temperature  was  raised  to  130-135*  and  the  reaction  mixture  was  kept  at  this  temperature 
for  25  min,  Tlie  reaction  mass  had  a  dark  cherry-red  color.  A  crystalline  precipitate  failed  to  deposit.  Tlie 
quaternary  salt  was  washed,  as  indicated  above,  with  toluene,  and  then  with  ether.  Yield  0,30  g.  The  salt  was 
rccrystallizcd  from  2  ml  of  alcohol,  using  activated  carbon  (obtained  as  dark-red  plates), 

2-Phenyl- G-chloro-9-methylphenazinium  10-oxide  pcr^lorate.  The  compound  was  obtained  in  the  same 
manner  as  the.  above,  from  0,31  g  of  2-phenyl- 6-chlorophenazine  10-oxide  and  1  ml  of  dimethyl  sulfate,  omit¬ 
ting  the  nitrobenzene,  at  130-132*  for  15  min.  Yield  0,40  g.  The  compound  was  converted  in  the  usual  manner 
to  the  perchlorate,  which  was  obtained  as  orange  needles  (from  a  mixture  of  alcohol  and  dioxane). 

General  directions  for  the  reduction  of  the  quaternary  salts  of  the  N- oxides  of  phenazine  and  its  derivatives, 
A  7-lOVo  water  solution  of  the  phenazinium  N-oxidc  methosulfate  is  prepared  for  the  reduction;  then  the  zinc 
dust,  taken  in  an  amount  approximately  equal  to  50'7>’of  the  weight  of  quaternary  salt  taken  for  reduction,  is  added 
at  one  time,  and  the  rise  in  temperature  is  followed  by  constantly  stirring  the  mixture  with  a  rod  thermometer. 

Due  to  the  exothermic  nature  of  the  reaction,  the  temperature  rises  by  15-20*  in  3-5  min.  The  end  of  the  reduc¬ 
tion  is  determined  by  the  color  of  the  solution  changing  from  an  orange  to  a  yellow  or  dark  yellow.  The  solution 
is  then  filtered  rapidly  from  the  zinc  dust;  this  operation  should  not  be  protracted , since  the  obtained  quaternary 
salt  of  the  base  is  reduced  further  to  the  insoluble  dihydro  product,  causing  a  decrease  in  the  yield  of  the  quatern¬ 
ary  salt  of  the  base.  Several  drops  of  lO^o  sodium  perchlorate  are  added  to  the  filtrate.  The  precipitate  of  N- 
-methylphenazinium  perchlorate  is  filtered,  washed  with  water,  and  then  with  a  little  cold  alcohol  and  ether, 

Wcll-purificd  quaternary  salts  of  the  N-oxides  of  the  phenazine  derivatives  should  be  taken  for  the  reduc¬ 
tion,  so  that  only  one  recrystalUzation  of  the  reduced  salt  is  necessary  later;  this  circumstance  is  quite  important 
in  obtaining  the  so-callcd  anomalous  quaternary  salts,  characterized  by  a  low  stability.  The  technical  details  of 
the  reduction  arc  described  in  previous  papers  [1,3], 

Tlie  author  is  indebted  to  A,  I.  Kiprianov  for  his  interest  in  the  work, 

SUMMARY 

A  route  for  the  synthesis  of  phenazinium  quaternary  salts  of  a  given  structure  was  developed.  The  com¬ 
pounds  synthesized  in  tliis  paper  include  some  new  N-monooxidcs  of  phenazine  derivatives,  their  quaternary  salts, 
and  also  the  quaternary  salts  of  a  number  of  phenazine  and  quinoxaline  bases.  A  study  was  also  made  of  the 
properties  and  ultraviolet  absorption  spectra  of  these  compounds. 
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At  the  present  time,  scintillation  counters  have  found  widespread  acceptance  for  the  measuring  of  nuclear 
radiations.  To  increase  the  scintillation  efficiency  of  the  scintillator,  it  has  proved  expedient  to  introduce  two 
organic  luminescent  compounds  into  the  plastic,  one  of  which  plays  the  role  of  the  main  activator,  while  the 
second  is  added  in  small  amounts  and  plays  the  role  of  a  coactivator  in  sliifting  the  fluorescence  spectrum  and, 
at  the  same  time,  it  functions  to  increase  substantially  the  total  efficiency  of  the  scintillator, 

A  whole  series  of  statements  exist  in  the  literature  on  the  successful  use  of  p,p'-diphcnylstilbene  as  a  co- 
activator  [1-5],  However,  the  synthesis  of  tliis  compound  is  not  described  in  the  general  literature.  We  worked 
out  a  synthesis  for  this  compound,  using  biphenyl  as  the  starting  material.  The  carbonylatlon  [6,7]  of  biphenyl 
yields  p-biphcnylcarboxaldchyde,  which  then,  by  benzoin  condensation  (similar  to  the  condensation  of  benzalde- 
hyde  [8]),  is  converted  to  p,p’-diphenylbenzoin.  Tlie  diphenylbenzoin  is  not  reduced  by  methods  similar  to  the 
known  methods  for  obtaining  stilbene  from  benzoin  [0-11],  evidently  because  of  the  large  steric  hindrance.  We 
worked  out  a  new  way  of  reducing  the  diphenylbenzoin  in  a  hydrogen  atmosphere  with  zinc  dust  in  the  presence 
of  concentrated  hydrochloric  acid.  Here  it  was  established  that,  depending  on  the  conditions  of  the  reduction 
process,  it  is  possible  to  obtain  both  of  the  geometric  isomers  of  p,p’diphenylstilbene.  When  ordinary  zinc  dust 
is  used,  the  end  reaction  proc’uct  proves  to  be  the  cis-diphcnylstilbene,  obtained  as  a  white  crystalline  compound. 
However,  when  amalgamated  zinc  dust  is  used,  the  end  reaction  product  is  the  trans-diphenylstilbene,  which  is 
obtained  as  greenish- yellow  lustrous  scales, 

2^  /“\  ^-CIIO  — 

\ /f'  _ pii — rii /'  _ Z'  ^ 

The  existence  of  two  geometric  isomers  of  the  diphenylstilbene  is  supported  by  the  different  catalytic  hy¬ 
drogenation  rate,  Paal  and  Schiedewitz  [12]  established  that  usually  the  cis-form  hydrogenates  more  rapidly 
than  the  trans-compound.  The  hydrogenation  curves  of  both  compounds  are  shown  in  Fig,  1, 

Isomers  corresponding  to  the  cis-  and  trans-forms  of  compounds  should  be  quite  different  in  their  fluores¬ 
cent  properties  [13-17], since  a  different  spatial  configuration  of  the  atomic  groups  in  the  stereoisomers  exerts  an 
effect  on  the  interaction  of  the  ir -electrons  [18]  and,  consequently,  on  the  position  of  the  spectral  absorption 
bands,  and  also  on  the  value  of  the  absorption  coefficient.  A  planar  arrangement  of  the  atoms  in  the  molecule 
gives  the  greatest  shift  of  the  spectral  bands  toward  longer  wavelengths  and  the  strongest  absorption.  When  bulky 


*  Original  Russian  pagination.  See  C3.  translation. 
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groups  arc  present  in  the  molecule,  the  cis-configuraflcn  unavoidably 
leads  to  a  disruption  of  the  coplanarity  of  the  molecule.  Because  of 
this,  the  absorption  band  of  the  cis-form  will  lie  in  the  region  of 
shorter  wavelengths,  and  the  absorption  maximum  will  lie  lower  than 
for  the  trans  -forni,  as  is  observed  for  stilbene  and  other  compounds 
[13,  14,  19,  20],  Vhe  absorption  spectra  of  the  cis-  and  the  trans- 
diphenylstilhenc  arc  shown  in  Fig.  2, 

A  visual  study  of  the  fluorescence  of  the  isomeric  forms  of 
p,p*-diphcnylstilbene  in  the  crystalline  state  yielded  some  interesting 
results.  It  proved  tint  the  trans-form  exhibits  an  intense  blue  lumin¬ 
escence,  while  the  cis-form  shows  a  violet  luminescence  that,  in  in¬ 
tensity,  is  much  weaker  than  that  displayed  by  the  trans-compound. 

Both  isomers  give  a  violet  luminescence  in  organic  solvents,  but  here 
again  that  of  tlie  trans-forrn  is  more  intense. 

Both  isomers  show  an  entirely  different  character  when  contained 
in  plastic  scintillators.  The  scintillator  containing  the  trans-diphcnyl- 
stilbene  is  more  efficient  than  the  one  containing  the  cis- isomer.  The 
results  of  me.‘»suring  the  efficiency  of  plastic  scintillators  containing 
the  two  dipheiiylstilbenes  will  be  published  separately. 

The  trans-configuration  can  be  converted  to  the  cis-form  by 
heating  in  nitrobenzene,  and  the  same  effect  is  observed  on  long  ex¬ 
posure  of  the  solid  samples  to  ultraviolet  light, 

EXPERIMENTAL 

p,p*-Diphcnylbcn2oin.  A  mixture  of  7  g  of  p-phcnylbenzalde- 
hyde  [6,7],  70  ml  of  96*70  alcohol,  and  1  g  of  sodium  cyanide  in  10  ml 
of  water  was  heated  in  a  round-bottomed  flask  under  reflux  for  30  min. 
In  approximately  5-10  min  a  yellow  precipitate  began  to  deposit  from 
the  hot  solution,  and  rapidly  increased  in  bulk.  After  cooling,  the  pre¬ 
cipitate  was  filtered,  washed  on  the  filter  with  100  ml  of  50*70  aqueous 
alcohol,  and  dried.  Yield  6,31  g  (90*70),  Recrystallization  from  alco¬ 
hol  gave  the  compound  as  fine,  colorless  crystals  with  m.p,  161-162*. 

Found  M  370,1.  C26H2o02*  Calculated  M  364,4, 

Trans-p,p*"diphenylstilbene.  Into  a  threc-necked  round-bottomed  flask,  fitted  with  a  mechanical  stirrer, 
a  gas-outlet  tube  descending  nearly  to  the  bottom  of  the  flask, a  dropping  funnel,  and  a  reflux  condenser,  was 
charged  1.13  g  of  pure  diphenylhenzoin,  6.59  g  of  amalgamated  zinc  dust,  and  20  ml  of  alcohol.  Then  a  stream 
of  hydrogen  was  passed  through  the  mixture, (heated  to  the  boil),  and  at  the  same  time  13,1  ml  of  concentrated  hy¬ 
drochloric  acid  was  added  slowly  in  drops.  Here  the  reaction  mass,  a  thick  white  slurry,  turned  yellow,  and  after 
10-15  min  changed  to  a  greenish-yellow  precipitate,  Th.c  reaction  time  v/as  1  hr.  Then  the  reaction  mass  was 
cooled  and  diluted  with  water,  after  which  the  precipitate  was  carefully  suction-filtered  (most  of  the  unreacted 
zinc  dust  remained  on  the  bottom  of  the  flask),  washed  on  the  filter  with  water,  and  dried.  Then  the  precipitate 
was  recrystallizcd  from  benzene  and  the  zinc  dust  was  removed.  The  solution  on  cooling  deposited  a  greenish- 
yellow  substance  as  glistening  scales.  Three  rccrystallizations  from  benzene  gave  the  pure  compound  with  m,p, 
204-204.5*.  Yield  0.S2  g  (82*70). 

Found  *7?.  C  93,39;  H  6.75.  M  326.2.  CjoHjo.  Calculated  *7o;  C  93.92;  H  6.08,  M  332,4. 

Tire  catalytic  hydrogenation  was  run  by  the  Paal  and  Schiedewitz  procedure  [12,21,22],  As  catalyst  wc  used 
palladium  deposited  on  barium  sulfate;  this  was  prepared  by  the  Paal  procedure  [23,24],  Tlie  hydrogenation 
conditions  were;  0.2  g  of  BaSO^  catalyst  =  0,002  g  of  Pd;  0,2083  g  of  compound  in  10  ml  of  alcohol  (15*,  770 
mm);  time  of  hydrogenation  6  hr, 45  min,  Tlie  course  of  the  hydrogenation  is  shown  in  Fig,  1, 


Fig,  1,  Hydrogenation  rate  of  the 
cis-  and  tra ns- isomers  of  p,p'-df- 
phenylstilbcnc;  1)  traps-;  2)  cis-. 


e 


X  ,  mfi 


Fig.  2,  Absorption  spectra  of  the 
cis-  and  trans-isomers  of  p,p*-di- 
phenylslilbene  in  dioxane  (10"’ 
g/ml):  l)cis-;  2)trans-. 
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Cls- p ,p*-dl phenylsttlbene .  With  vigorous  stirring  and  heating  to  the  boil,  a  stream  of  hydrogen  chloride 
and  hydrogen  was  passed  through  a  mixture  composed  of  1.5  g  of  p,p'-dlphenylbenzoin,  1  g  of  zinc  dust,  and  19 
ml  of  alcohol.  The  gas  mixture  was  obtained  by  the  action  of  concentrated  hydrochloric  acid  on  zinc  turnings , 
with  heating.  Here  the  white,  doughy  mass  gradually  changed  to  a  yellow  precipitate,  which  could  be  separated 
easily  from  the  alcohol  solution.  The  reaction  time  was  2,5-3  hr.  The  reaction  mass,  after  cooling,  was  diluted 
with  water,  and  the  precipitate  was  filtered,  washed  with  water,  and  dried.  Recrystallization  from  benzene,  fol¬ 
lowed  by  sublimation  in  a  high  vacuum  (10“^  mm)  at  200*,  gave  the  compound  as  white  crystals  with  m,p,  221 
to  222",  The  yield  of  pure  product  was  1.1  g  (84,6‘7o), 

Found  %  C  93.96;  H  6.11.  M  336.29.  CjeHjo.  Calculated  C  93.92;  H  6.08,  M  332.43. 

Tlie  catalytic  hydrogenation  was  run  in  the  same  manner  as  for  the  trans-diphenylstilbene:  0,2  g  of  BaSO^ 
catalyst  =  0,002  g  of  Pd;0  .2013  g  of  compound  in  10  ml  of  alcohol  (14",  773  mm);  time  of  hydrogenation  2  hr, 

45  min.  The  course  of  the  hydrogenation  is  shown  in  Fig,  1, 

p,p*-Diphenylstilbcne  is  difficultly  soluble  in  all  organic  solvents.  The  mixture  of  trans-  and  cls-dlphenyl- 
stilbene  melts  at  207-211", 


SUMMARY 

A  method  was  worked  out  for  obtaining  p,p*-diphcnylstilbene  in  good  yield.  The  cls-  and  trans-isomers 
were  isolated  in  the  pure  state. 
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In  recent  years,  employing  the  technique  of  kinetic  measurements,  we  investigated  the  ability  of  substitu¬ 
ents  to  itai.:.fcr  ilicir  influence  in  molecular  systems  composed  of  two  benzene  rings  linked  by  unsaturated  hydro¬ 
carbon  bridges  (I  and  U)  [1-3], 

^  ^-NUa  M-<^ 

(I)  _  (Tl) 

where  M  =  cn=cii.  c^c, 

The  ratio  of  the  rate  constants  for  the  reaction  of  amino  and  aminonitro  derivatives  with  p-nitrobenzoyl 
chloride  or  with  picryl  chloride  can  serve  as  a  quantitative  measure  of  such  an  influence,  l.e.,  Kj/Kjj  =  /, 

In  this  paper  we  report  the  data  obtained  in  studying  the  kinetics  of  reacting  p-nitrobenzoyl  chloride  and 
picryl  chloride  with  the  analogous  derivatives  of  dlphenylmethane  (M  =  CH2)  and  dibenzyl  (M  =  CHj—  CHj)  in 
benzene  solution  under  conditions  completely  identical  with  previous  ones.  This  makes  it  possible  to  elucidate 
the  character  of  the  influence  exerted  by  substituents  of  different  benzene  rings  on  each  other  In  the  case  where 
these  rings  are  connected  by  unsaturated  hydrocarbon  bridges. 

Regarding  the  transfer  of  the  effects  of  substituents  in  systems  of  the  indicated  type,  wc  were  unable  to  find 
any  literature  information  that  was  based  on  chemical  methods  of  study.  However,  in  studying  the  absorption 
spectra  of  aromatic  derivatives  of  methane,  V.  F,  Lavrushin  and  N.  A.  Valyashko  [4,5]  came  to  the  conclusion 
that  the  methane  carbon  atom  is  not  an  insulator  here,  but  Instead  serves  as  a  link  joining  the  benzene  rings  into 
one  reacting  system.  A  compilation  of  the  literature  supporting  this  point  of  view  Is  also  given  in  [5],  V,  A. 
Izmail'skii,  G,  V,  Alekseeva,  and  R,  S.  Tsekhanskll  [6,7],  who  studied  the  color  of  a  number  of  dlphenylmethane 
derivatives,  came  to  a  similar  conclusion.  But  Gillam  and  Stern  [8]  present  facts  illustrating  that,  in  contrast  to 
such  blnuclear  hydrocarbons  as  biphenyl  and  stilbeneC where,  judging  by  the  optical  properties,  the  presence  of  a 
strong  conjugation  effect  between  the  benzene  rings  is  clearly  manifested), in  diphenylmethaiie  and  dibenzyl  the 
methylene  bridges  are  practically  complete  insulators  of  the  indicated  effect,  Brode  [9]  also  regards  the  methyl¬ 
ene  groups  as  functioning  as  insulators  of  the  conjugation  between  two  chromophores, 

EXPERIMENTAL 

K _ Preparation  and  Purification  of  Starting  Materials 

The  benzene,  p-nitrobcnzoyl  chloride  [11],  and  picryl  chloride  [1]  were  purified  as  indicated  earlier. 

4-Aminodiphenylmethane  (1,  M  =  CH;).  To  16  g  of  4-nltrodiphcnylmethane  [12]  dissolved  in  180  ml  of 
hot  methyl  alcohol  was  added  22.5  ml  of  hydrazine  hydrate,  and  then  the  Raney  nickel  was  added  gradually, 
observing  here  the  operational  procedure  that  was  described  in  detail  earlier  [13]  (regarding  the  use  of  methyl 
alcohol  for  this  purpose,  see  [10,  14,  15]),  When  the  nitrogen  evolution  had  ceased,  indicating  the  end  of  reac¬ 
tion,  the  still  warm  solution  was  filtered  to  remove  catalyst  and  the  solvent  was  distilled  off  as  completely  as 
possible.  The  oily  residue  was  treated  with  concentrated  hydrochloric  acid.  The  obtained  solid  product  was 
filtered  and  washed  with  ether  (by  the  technique  of  efficient  trituration  and  subsequent  suction- filtration).  The 
yield  of  the  hydrochloride  was  almost  quantitative.  The  salt  was  recrystallizcd  twice  from  dilute  hydrochloric 
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acid  (1:1)  using  activated  carbon,  and  then  the  same  number  of  times  from  10%  sulfuric  acid.  Trituration  of  the 
salt  under  a  layer  of  warm  aqueous  ammonia  solution  gave  the  free  base  as  an  oily  product,  which  crystallized 
after  it  was  washed  with  water  and  cooled.  The  amine  was  recrystallizedonce  each  from  dilute  methyl  alcohol 
(2:1  by  volume)  and  from  petroleum  ether.  After  long  drying  in  a  vacuum  oven  at  30*,  m,p,  36-36,5*. 

4-Amino-‘1*-nitrodiphenylmcthane  (II,  M  =  CH2)  was  synthesized  by  our  earlier-described  method  [16],  The 
crude  amine  sulfate  was  rccrystallized  3  times  from  10%  sulfuric  acid  (using  activated  carbon).  The  free  base 
was  isolated  by  treatment  with  aqueous  ammonia,  after  which  it  was  recrystallized  twice  from  aqueous  methyl 
alcohol  (the  compound  was  dissolved  in  boiling  alcohol  and  then  hot  water  was  added  in  drops  until  a  permanent 
turbidity  appeared),  and  then  once  each  from  anhydrous  methyl  alcohol  and  from  benzene.  After  drying  for  3  hr 
in  a  vacuum  oven  at  65*.  m.p.  98*. 

4-Aminodibenzyl  (I,  M  =  CH2~  CH2)  was  obtained  by  the  method  given  in  [16],  The  crude  hydrochloride 
was  recrystallized  twice  from  dilute  hydrochloric  acid  (1:2)  using  activated  carbon,  and  then  twice  each  as  the 
free  base  from  aqueous  methyl  alcohol  (using  the  same  procedure  as  in  the  case  of  recrystallizing  the  4-amlno- 
-4*-nitrodiphcnylmcthane)  and  from  petroleum  ether,*  After  drying  in  a  vacuum  oven  at  35-40*,  m.p.  51-52*. 

4-Amino-4*-nitrodibenzyl0l, M  =  CH2~CH2)wa5  also  synthesized  by  the  method  given  In  [16],  The  crude 
amine  sulfate  was  recrystallized  3  times  from  10%  sulfuric  acid,  after  which  the  salt  was  converted  through  the 
free  base  to  the  hydrocliloride,  which  was  also  recrystallized  3  times  from  dilute  (1:2)  hydrochloric  acid  (using 
activated  carbon  the  first  time).  The  free  base  was  obtained  in  the  usual  manner,  and  then  it  was  recrystallized 
twice  from  methyl  alcohol  and  once  from  benzene.  The  compound,  after  drying  at  65*  in  a  vacuum  oven  for 
3  hr,  had  m.p,  138,5-139*. 

2.  Procedure  and  Results  of  Kinetic  Measurements 

Tlie  procedure  for  measuring  the  reaction  rate,  and  also  the  methods  used  to  calculate  the  second-order 
reaction  rate  coru^tants,  the  energy  of  activation  (E),  the  frequency  factor  (A),  and  the  entropy  of  activation  (AS^) 
were  described  earlier  [1|,  In  all  of  the  experiments,  the  initial  concentration  of  the  p-nitrobenzoyl  chloride  (a) 
was  always  half  the  initial  concentration  of  the  amine  (b). 

The  numerical  data  obtained  for  the  reactions  of  the  amino  derivatives  of  diphcnylmethane  and  dibenzyl 
are  presented  in  Table  1,  where  kj  is  the  average  value  of  the  rate  constant  for  a  given  time  interval  with  num¬ 
ber  of  measurements  n^.  The  average  values  of  the  reaction  yield  for  n^  measurements  are  given  in  the  second 
column  in  this  table.  The  principal  data  on  the  kinetics  of  the  reactions  investigated  in  the  present  paper  are 
summarized  in  Table  2,  as  are  also  some  of  the  values  obtained  by  us  for  earlier-studied  reactions,  K  Is  the 
average  value  of  the  rate  constant  for  all  Enj  measurements. 

Some  of  the  experiments,  run  with  various  initial  concentrations  of  the  starting  components,  revealed  that 
the  rate  constants  of  the  investigated  reactions,  as  had  also  been  established  earlier  for  other  similar  cases  [3,10], 
hardly  change  with  the  dilution.  Thus,  for  example,  for  the  reaction  of  4-aminodiphenylmethane  with  plcryl 
chloride  at  a  =  0,00125  and  b  =  0.0025,  K2s»  =  0,338  liter/ mole/ sec,  while  at  a  =  0,0025  and  b  =  0.005,  = 

=  0,341  liter/  mole/ sec. 


DISCUSSION  OF  RESULTS*  • 

A  compfHnson  of  the  results  obtained  in  studying  the  reactions  of  aniline  and  of  the  4-amlno  derivatives  of 
various  binuclear  hydrocarbons  reveals  that  substituents  introduced  in  the  para-position  of  aniline  fall  into  the 
following  series  when  arranged  in  the  order  of  decreasing  electron-donor  (and  increasing  electron- acceptor)  prop¬ 
erties:  Cells- CH2-CH2-  >  Cells- CH2-  >  H  >  CgHs-  2:C6H5-C6H4-  >  Cellg-CH  =CH-  >  CgHj-C  = 

=  C  — ,  The  first  two  members  in  this  series  are  donors,  while  the  others  are  acceptors  of  electrons.  If  a  p-NOj 
group  is  present  in  the  benzene  rings  of  the  hydrocarbon  substituents,  then  the  indicated  series  suffers  only  one 
change:  In  its  electron- acceptor  properties  the  para-substituent  on  the  biphenyl  derivative  (p-NOj-  CgHj- 
groupj  becomes  one  of  the  strongest  and,  in  this  respect,  yields  only  to  the  analogous  tolan  derivative  (p-NOj  — 

-  C6H4-  C  =  C  —  group).  The  latter  is  explained  by  the  fact  that  of  all  of  the  examined  binuclear  molecular  sys¬ 
tems  that  of  biphenyl,  as  will  be  shown,  possesses  the  greatest  ability  to  conduct  the  effect  of  4,4*-substituents, 

•  Using  this  solvent  makes  it  possible  to  remove  efficiently  any  impurities  insoluble  in  saturated  hydrocarbons, 
by  the  technique  of  hot  filtration. 

•  *  See  summary  in  Table  2. 
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TABLE  1 


•Kinetics  of-£lci-ciiuu  cf  An-lao  Dcilintives .of  Dipliu'.ylnictlionc  and  Dibenzyl. with 
p-Nitrobcnzoyl  Chloride  (PNDC)  and  I’icryl  Chloride  (PC) 


Expt, 

No. 


25® 


60® 


ti  (In  ,nln  )  VlTw  W  ' 'll  '1  «"  "'In  )]Yleli(inW  'Jl 


■1-Ainlnodiphenylmethane  +  PNBC 


1 

5 

26.5 

0.969 

2 

23.7 

2 

8 

37.6 

1.01 

3 

31.5 

3 

12 

47.7 

1.02 

5 

43.5 

4 

17 

55.3 

0.977 

8 

.55.9 

5 

26 

r).').3 

0.974 

15 

70.4 

4- Amino-4 

'-nitrodiphcnylmcthane  + 

PNBC 

6 

15 

20.7 

0.233 

8 

22.1 

7 

30 

33.3 

0.233 

12 

31.0 

8 

50 

46.0 

0.229 

20 

41.3 

9 

75 

56.7 

0.234 

34 

.54.8 

10 

115 

65.4 

0.220 

50 

65.3 

2.15 

2.12 

2.13 

2.19 

2.19 


0.489 

0.517 

0.487 

0.492 

0.521 


4-Aminodiphenylmethane  +  PC 


11 

5 

19.5 

0.325 

2 

19.2 

0.823 

12 

8 

28.5 

0.334 

4 

,33.2 

0.860 

13 

13 

40.2 

0.347 

6 

41.7 

0.825 

14 

19 

49.0 

0.339 

9 

52.8 

0.860 

15 

35 

64.2 

0.334 

16 

66.5 

0.8.57 

4- Amino-4’-niirodiphenylniethane  +  PC 


16 

,30 

20.0 

0.05.59 

13 

22.5 

0.154 

17 

50 

30.3 

0.0582 

20 

30.4 

0.151 

18 

SO 

40.3 

0.0565 

30 

40.5 

0.1,57 

19 

120 

.50.0 

0.0559 

45 

52.0 

0.160 

20 

ISO 

60.5 

0.0.571 

70 

62.0 

0.161 

4-Aininodibenzyl  >  PC 


21 

4 

19.8 

0.413 

2 

25.6 

22 

9 

36.0 

0.419 

3 

33.3 

23 

13 

45.3 

0.427 

5 

46.3 

24 

20 

.5.5.1 

0.412 

7 

.54.5 

25 

30 

6.5.2 

0.419 

It 

61.9 

4-Amino-4'-nitrodibenzyl  +  PC 


26 

14 

20.6 

0.124 

5 

20.0 

0.34  b 

27 

23 

29.8 

0.124 

10 

33.8 

0,352 

28 

,36 

40.1 

0.125 

15 

44.1 

0.363 

29 

53 

49.7 

0.125 

23 

54.9 

0.365 

30 

100 

65.6 

0.128 

35 

65.0 

0.366 

Remarks;  1,  In  experiment  Nos,  1-10,  a  =  0,000625  and  b  =  0.00125;  in  the  remaining 
experiments  a  =  0,00125  and  b  -=  0.0025  mole/ liter,  2.  In  experiment  Nos,  4,  14,  15, 
and  24,  at  50*,  nj  =  3;  in  all  of  the  other  experiments  ni  =  2, 
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Summarized  Data  on  the  Kinetics  of  Reaction  of  Amines  with  p-Nitrobenzoyl  Chloride  and  Picryl  Chloride 
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picryl 


TABLE  3 


Values  of  /  Factors'Tor  Vjrri'Ot:?  Molectilar  Systems 


/25<’  for  reaction 

Molecular  systems 

i 

Withp-nicio-I 
benzoyl 
chloride  | 

\vith 

picryl 

chloride 

- 

r.2r)0 

17100 

_ ^  ^  c  ^  — 

23.8 

~ 

12.1 

- 

lO.G 

13.G 

ni  ^ 

4.31 

5.1IG 

_ ^  ^ _ ri!  -rn _ ^ 

4.8'J 

hA2 

•LOG 

4.G5 

— 

3.32 

A 
1  1 

1 

u 

1 

i  i 

i 

2.28 

transmission  of  the  effect  of  the  4’-substitiient  from  one  benzene 
tlrat  the  Cgfls—  CIIj—  CH2  group  exerts  a  stronger  electron-donor 
plained  in  the  same  way. 


The  values  of  /  have  been  assembled  in 
Table  3,  from  which  it  can  be  seen  that  In  the 
molecular  system  of-dipLcnylmcthane  the  ef¬ 
fect  exerted  by  the  nitro  group  on  the  reactiv-  . 
ity  of  the  amino  group  is  expressed  less  sharply 
than  in  the  case  of  the  biphenyl  system.  This 
is  undoubtedly  associated  with  the  fact  that 
the  CII2  grouping  functions  as  an  insulator, 
weakening  the  interaction  of  the  benzene  rings. 
However,  the  fact  that  the  rate  with  which  4- 
-aminophcnylrnethane  reacts  with  both  electro¬ 
philic  reagents  changes  substantially  when  the 
4*-nitro  group  is  introduced  serves  as  evidence 
that  quite  substantial  Inductive  effects  are 
transmitted  through  the  methylene  grouping  , 
and  these,  in  the  given  case,  are  apparently 
coupled  to  a  certain  degree  with  the  mechan¬ 
ism  for  the  o  ,7r -conjugation  of  the  o-clectrons 
of  the  CH  bonds  of  the  indicated  grouping  with 
the  TT  -electrons  of  the  benzene  rings  [17],  Two 
methylene  groupings  in  the  molecular  system 
of  dibenzyl  assure  a  further  weakening  of  the 
ring  to  the  other,  Tlie  fact  mentioned  above- 
effect  than  the  CgHs—  CH2  group  —  can  be  ex¬ 


it  is  interesting  that  when  the  benzene  rings  in  the  molecular  system  of  biphenyl  are  separated  by  either 
an  oxygen  or  a  sulfur  bridge,  wc  even  observe  an  increase  in  the  value  of  /, which,  as  was  already  indicated  [10, 
18,  19],  is  associated  with  a  transfer  of  the  reactivity  of  substituents  in  such  systems  in  accordance  with  the 
mechanism  of  p,ir -conjugation  [17,  20],  In  a  paper  reviewing  some  of  the  work  done  in  our  laboratory,  the 
opinion  was  expressed  by  E,  N.  Gur’yanova  [21]  that  the  effect  of  enhancing  the  influence  exerted  by  the  4’- 
-nitro  group  on  the  4-amino  group, when  going  from  the  molecular  system  of  biphenyl  to  the  diphenyl  oxide  and 
diphenyl  sulfide  systems,  is  determined  primarily  not  by  any  special  properties  of  the  bridge  heteroatoms  (being 
expressed  in  their  ready  inclusion  in  the  general  system  of  conjugation  with  the  benzene  ring^,  but  rather  it  is  de¬ 
termined  by  the  fact  that  the  last  two  molecular  systems,  in  contrast  to  the  linear  biphenyl  system,  have  an  angu¬ 
lar  structure.  Reserving  the  right  soon  to  give  a  full  answer  to  the  remarks  of  E,  N,  Gur'yanova,  we  cannot  help 
but  mention  here  that  the  sharp  quantitative  distinction  in  the  character  of  the  interaction  of  the  NO2  and  NH2 
groups  in  molecular  systems  containing  bridging  heteroatoms,  and  in  the  diphenylmcthane  system,  which  also 
has  an  angular  structure,  is  explained,  as  can  now  be  seen  from  the  data  obtained  by  us,  by  only  one  reason  and, 
specifically,  by  the  chemical  nature  of  the  bridging  unit,  which  in  this  way  removes  the  basis  of  the  objections 
of  our  opponent.  Incidentally,  the  linear  molecular  system  of  tolan  also  fails  to  show  any  advantages  as  regards 
the  transmission  of  tlie  electronic  effects  of  substituents  over  the  stilbene  system  which,  being  of  the  same  type 
as  the  tolan  system,  still  is  not  linear  [3], 

A  comparison  of  the  kinetic  data  for  molecular  systems  in  which  the  benzene  rings  are  joined  by  bridge 
groupings  composed  of  two  links  reveals  that  in  going  from  the  saturated  ethane  grouping  in  the  dibenzyl  system 
to  the  unsaturated  groupings  in  the  stilbene  and  tolan  systems,  the  ability  to  transmit  the  effect  of  substituents 
increases  very  slightly,  although  in  the  last  two  systems  the  classical  case  of  tr  ,it -conjugation  [17,  20]  of  multiple 
bonds  is  represented,  wliile  in  the  dibenzyl  system  it  is  broken  by  the  saturated  bridge  grouping.  In  their  ability 
to  transmit,  the  molecular  systems  of  stilbene  and  tolan  do  not  differ  quantitatively  from  the  diphenylmcthane 
system,  despite  the  fact  that  in  diphenylmcthane  the  tr  ,7r -conjugation  between  the  benzene  rings  is  also  broken 
by  the  bridge  grouping.  In  this  case,  we  have  an  example  where  rupture  of  a  continuous  conjugated  system  of 
bonds  is  compensated  by  a  shortening  of  the  distance  between  the  interacting  substituents. 


Thus,  the  gradual  separation  of  the  NO2  and  NH2  groups  of  a  constantly  longer  system  of  conjugated  bonds 
(transition  from  benzene  to  biphenyl,  stilbene,  tolan,  and  p-tcrphenyl)  leads  to  a  sharp  damping  of  the  effect 
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exerted  by  the  first  group  on  the  reactivity  of  the  second.  If  the  separating  bridge  with  multiple  bonds,  included 
in  the  total  conjugated  system,  is  replaced  by  a  shorter  bridge,  but  one  that  breaks  the  continuous  system  of  con¬ 
jugation  (the  CII2  grouping  when  compared  with  all  of  the  unsaturated  groupings,  or  the  CHi—  CH2  grouping  when 
compared  with  the  phenylene  grouping),  then,  despite  the  latter  circumstance,  the  factor  of  shortening  the  distance 
is  the  deciding  one  in  determining  the  character  of  the  interaction  of  the  indicated  4,4'-substituents.  Besides  this, 
if  it  is  considered  that  a  change  in  the  number  of  bonds  in  the  bridge  grouping  (transition  from  the  dibenzyl  sys¬ 
tem  to  stilbene  and  tolan)  also  does  not  cause  a  sharp  enhancement  of  the  effect  of  the  4'-nltro  group  on  the  re¬ 
activity  of  the  4-amino  group,  then,  on  the  basis  of  all  that  has  been  said  above,  it  must  be  concluded  that  the 
well-known  rule  of  vinylogyjt according  to  which,  in  conjugated  systems,  the  influence  of  substituents  Is  trans¬ 
mitted  to  the  reaction  center  without  noticeable  diminution  [22,23])/ails  to  find  support,  at  least  for  the  case  of 
molecular  systems  similar  to  those  discussed  here,  when  a  quantitative  study  is  made  of  the  problem. 

Regarding  the  energy  parameters  of  the  pactions  investigated  in  this  paper,  it  can  be  stated  that  the  re¬ 
actions  go  at  low  values  of  effective  E  and  AS  ,  in  wliich  connection  somewhat  higher  values  of  the  indicated 
constants  prevail  when  the  reactions  are  run  with  picryl  chloride  than  when  run  with  p-nitrobenzoyl  chloride.  It 
should  also  be  mentioned  that  for  the  reactions  where  different  amines  are  reacted  with  the  same  electrophilic 
reagent,  the  transition  from  one  amino  derivative  to  another  is,  in  general,  accompanied  by  a  noticeably  smaller 
change  in  AS^  than  in  E.  It  is  also  necessary  to  bear  in  mind  that  for  those  reactions  discussed  in  the  present 
paper,  where  the  amino  derivatives  contain  very  long  and  complex  molecules,  it  is  possible  for  a  hindered  in¬ 
ternal  rotation  around  the  single  bonds  connecting  different  parts  of  the  molecules  (see  [11]),  and  present  to  vari¬ 
able  degree  in  the  indicated  compounds,  to  exert  important  influence  on  the  dependence  of  the  rate  constant  on 
tlic  temperature,  which  complicates  treating  the  results  from  the  standpoint  of  changes  in  E  and  AS^  under  the 
influence  of  structural  factors. 


SUMMARY 

1.  Tlie  kinetics  of  reacting  4-aminodiphcnylmcthanc,  4-amlno-4*-nitrodiphenylmethane,  and  the  analogous 
derivatives  of  dibenzyl  with  p-nitrobenzoyl  chloride  and  picryl  chloride  was  examined, 

2,  It  was  confirmed  that  the  methylene  grouping  in  the  molecular  system  of  diphenylmethane  functions  as 
an  insulator  in  the  transmission  of  the  effects  of  the  substituents  from  one  benzene  ring  to  the  other.  This  property 
appears  to  an  even  greater  degree  in  the  case  of  separating  the  benzene  rings  by  two  methylene  groupings  in  the 
molecular  system  of  dibcnzyl. 
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Phenothiazine  derivatives  include  a  large  number  of  physiologically  active  compounds  that  have  found 
clinical  use  as  agents  acting  on  the  central  nervous  system  and  as  aniihistaminics.  All  of  these  compounds,  ex¬ 
cept  for  a  dialkylaminoalkyl  (at  times,  a  heteroylalkyl)  group  in  the  10-position  of  the  phenothiazine  ring,  either 
do  not  have  any  other  substitute nts,  or  else  they  have  a  chlorine,  acetyl,  or  some  other  group  in  the  2-pcsltIon,** 
In  order  to  study  the  relationship  between  pharmacological  activity  and  molecular  structure,  we  synthesized  a 
number  of  phenothiazine  derivatives  in  which  the  dla’.kylamincalkylamlno  group  is  located  on  one  of  the  carbon 
atoms  in  the  ring. 


CiH 


I  I  I 

(I) 


Nil, 


The  present  paper  deals  with  the  synthesis  of  one  of  the  starting  materials  and,  specifically,  of  10-methyl- 
-3-aminophenothiazine  (I),  The  reasons  for  selecting  this  compound  were  the  following.  Of  the  four  possible 
isomers  of  the  aminophenothiazine,  not  one  has  been  accurately  characterized  up  to  now.  Apparently  the  reason 
for  this  lies  in  the  difficulty  of  synthesizing  some  of  them,  and  also  because  the  1-  and  3-isomers  are  exceedingly 
prone  to  oxidation,  as  a  result  of  which  the  corresponding  ortho-  and  para-qtiinoid  compounds  are  formed.  The 
repeatedly  synthesized  3- aminophenothiazine  [2-7]  was  studied  only  as  the  leuco  base  of  the  dye  obtained  by  its 


•Original  Russian  pagination.  See  C.B,  translation, 

•  ‘For  the  numbering  in  the  phenothiazine  system  see  [1], 


1673 


oxidation,  (I)  was  synthesized  by  Kehrmann  [8],  but  it  was  characterized  only  as  the  acetyl  derivative.  The  In¬ 
troduction  of  an  alkyl  substituent  in  the  10-position  makes  the  compound  quite  resistant  to  oxidation,  and  pre¬ 
vents  the  formation  of  the  quinoid  grouping,  which  is  confirmed  by  the  synthesis  of  lO-ethyl-3-aminophenothi- 
azine  [9],  VVe  became  convinced  that  it  is  impossible  to  avoid  the  formation  of  colored  quinoid  products  in  the 
synthesis  of  3-aminophenothiazine  when  we  repeated  the  work  of  Bernthsen  [2]  and  of  Kehrmann  [10], 

Three  main  methods  exist  for  the  synthesis  of  phenothiazines  substituted  In  the  ring  on  the  amino  group: 

1)  thionatlon  of  the  appropriate  amlnodiphenylamine  in  which  the  amino  group  is  substituted,  with  subsequent 
cleavage  of  the  protecting  group;  2)  reduction  of  the  appropriate  nitro  derivatives  of  the  phenothiazines  or  of 
the  nitro- 5-oxophenothiazincs  (here  it  should  be  mentioned  that  when  the  reduction  of  3-nitro-5,5-dioxophen- 
athiazine  is  attempted  only  the  nitro  group  is  reduced  with  the  formation  of  3-amino-5,5-dioxophenothlazine 
[11]);  and,  3)  employing  the  Smiles  rearrangement  [12],  The  last  method  involves  using  difficultly  available 
starting  materials.  Our  attempts  to  use  the  first  of  the  indicated  methods  lacked  success  right  from  the  start, 
since  it  proved  impossible  to  obtain  the  starting  4-nitrodiphenylamine  in  satisfactory  yield  by  the  Goldberg  me¬ 
thod  [13],  either  by  heating  p-nitroaniline  with  bromobenzene  in  the  presence  of  potassium  carbonate,  copper, 
and  iodine,  or  by  heating  p-nitrochlorobenzene  with  aniline  in  the  presence  of  sodium  acetate  or  copper,  iodine, 
and  potassium  carbonate  (even  Hantzsch  [14]  reported  on  the  lack  of  success  using  the  Goldberg  method). 

Our  goal  was  achieved  using  the  following  procedure,  Phenothiazine  was  methylated  with  methyl  Iodide 
to  10-mcthylphcnothiazine.  The  nitration  of  10-methylphenothiazine  with  nitric  acid  in  acetic  acid  solution 
gave  a  mixture  of  lO-methyl-3-nitrophcnothiazine  and  10-mcthyl-3-nitro-5-oxophenothiazine.  The  reduction 
of  this  mixture  with  tin  and  hydrochloric  acid  gave  us  lO-mcthyl-3-aminophenothiazine,  which  was  characterized 
by  preparing  various  derivatives.  The  indicated  processes  are  outlined  in  the  scheme. 


H 


cn. 


J  I  I  11 


(ciIjCooh) 


SnCl, 

ncf' 


CM, 


(1) 


Based  on  the  reasons  given  by  Bernthsen  [2,15]  for  the  structure  of  3-nitrophenothiazine,  and  also  the  state¬ 
ments  made  by  Kehrmann  [8]  regarding  the  identity  of  the  N- methyl  derivative  obtained  by  the  reaction  of  methyl 
iodide  with  3-nitro-5-oxophenothiazine  and  the  nitration  product  of  10-methylphenothiazine,  we  assign  structure 
(I)  to  the  compound  synthesized  by  us.  Proof  of  the  validity  of  the  proposed  structure  (I)  will  be  the  subject  of  a 
separate  paper. 


EXPERIMENTAL 


10-Methylphenothlazine,  A  mixture  of  150  g  of  phenothiazine,  114  g  of  methyl  iodide,  and  150  ml  of 
methanol  was  heated  in  a  400- ml  steel  bomb  on  the  boiling  water  bath  for  10  hr.  The  bomb  contents  quickly 
crystallized  after  dumping.  Recrystallization  from  alcohol  gave  136-142  g  (8 5- 8 9*5^)  yield)  of  10-methylpheno¬ 
thiazine  with  m.p.  102-104*  (m.p.  99-100*)  [2], 
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lO-Metliyl-3-iiitrophenothiazine  and  T0-methyl-3-nltro-5-oxcphenothtazine.  Thirty  grams  of  10-mcthyl- 
phcnoihiazinc  was  dissolved  with  healing  in  750  ml  of  acetic  acid,  and  then  the  solution  was  cooled  rapidly  with 
coiuuiit  stirring  in  cold  water,  A  mixture  of  CO. ml  of  nitric  acid  (d  l.d)  and  120  ml  of  acetic  acid  was  added  In 
drops  to  the  slurry  obtained  on  stirring  and  cooling  at  such  a  rate  that  the  temperature  remained  below  25*;  then 
tlje  mixture  was  stirred  for  1  hr  and  allowed  to  stand  at  room  temperature.  After  two  days,  the  liquid  was  poured 
Into  6  liters  of  water,  and  then  made  neutral  by  the  addition  of  powdered  sodium  carbonate  (about  900  g);  the 
precipitate,  a  mixture  of  a  yellow  powder  and  semisolid  brown  lumps,  was  suction- filtered,  washed  with  water, 
and  air-dried.  Weight  36-38  g.  Rccrystallization  of  the  lumps  from  benzene  gave  yellow  crystals  with  m.p, 
119-120*.  The  melting  point  given  in  the  literature  for  lO-meihyi-3-nitrophcnoihiazine  is  119-121*  [11],  Tl.e 
yellow  powder  melts  at  170*  and  is  much  more  difficultly  soluble  in  benzene;  after  recrystallization  from  benzene 
it  has  m.p.  179-179.5*.  The  melting  point  given  in  the  literature  for  10-mcthyl-3-nitro-5-oxophenothiazine  1$ 
176-177*  [16], 

Found  N  10.30,  10.53.  CyHioNaSOj.  Calculated  N  10.22. 

lO-Mcthyl-3-aminophenothiazine  (I).  A  solution  of  104  g  of  SnCls  •  2H2O  in  240  ml  of  water,  120  ml  of 
concentrated  hydrochloric  acid,  and  several  pieces  of  metallic  tin  were  added  to  20  g  of  the  mixed  nitro  com¬ 
pounds,  after  which  the  mixture  was  heated  on  the  boiling  water  bath  with  stirring  for  10-12  hr.  The  obtained 
precipitate  was  suction- filtered,  mixed  with  500  ml  of  distilled  water,  followed  by  the  addition  of  30-40  ml  of 
207o  NaOH  solution,  and  then  the  whole  was  extracted  6-9  times  with  a  total  of  3  liters  of  ether.  The  extract 
was  dried  over  fused  magnesium  sulfate  and  filtered,  and  the  filtrate  was  saturated  with  dry  hydrogen  chloride. 
The  precipitate  was  suction-filtered,  washed  with  ether,  and  dried  in  a  desiccator.  We  obtained  10-15  g  of  10- 
-methyl-3-amlnophenothiazine  hydrochloride.  The  hydrochloride  was  recrystallizcd  from  alcohol  by  precipita¬ 
tion  with  ether  to  give  a  nearly  white  powder  with  a  grayish  or  grayish-green  tinge,  M.p,  238*. 

Found  %  C  58.28,  58.21;  H  5.08,  5.18;  N  10.61,  10.64.  CuHoNiSCl.  Calculated. 7o:  C  58.97;  H  4.95; 

N  10.58. 

A  portion  of  the  ether  solution  of  the  free  base  obtained  from  the  reduction  of  the  mixed  nitro  compounds 
was  evaporated  to  dryness,  the  residue  dissolved  in  alcohol,  the  solution  treated  with  activated  carbon,  and  the 
filtrate  diluted  with  water  to  precipitate  the  free  10- methyl-3- aminophenothiazine,  Recrystalllzatlon  from 
aqueous  alcohol  (water  was  added  until  turbidity  appeared)  gave  the  lO-methyl-3-amlnophcnothiazine  as  a  white 
crystalline  compound  with  m.p,  133-134*. 

Found  C  68.10,  68.03;  H  5.45,  5.50.  C13II12N2S.  Calculated  %  C  68.38;  H  5.30. 

Acetyl  derivatives  of  lO-mcthyl-3-aminophcnothiazir.e.  A  mixture  of  1  g  of  10- mcthyl-3- aminopheno¬ 
thiazine  hydrochloride  and  5  ml  of  acetic  anhydride  was  heated  under  reflux  with  a  free  flai.ne  for  2  hr.  The  mix¬ 
ture  was  then  cooled  somewhat  and  treated  in  drops  with  15-20  ml  of  dist’Tled  water;  the  thick,  oily  material 
that  separated  here  turned  to  a  solid  when  triturated  with  ether.  After  recrystallization  from  alcohol,  the  10- 
-methyl-3-acetamidophenothiazine  was  obtained  with  m.p,  173-174*.  Kehrmann  [8]  gives  a  melting  point  of 
169*.  Rccrystallization  of  the  crude  substance  from  dilute  acetic  acid  (1:2)  gave  a  nearly  white  compound  with 
m.p,  125-127*,  depressing  the  melting  point  when  mixed  with  lO-methyl-3-acetamidophenotlilazlne  (mixed 
m.p,  115-118“>,  from  its  analysis  it  was  lO-methyl-3-diacetamidophenoihlazine, 

Found  7o;  N  9.26.  Ci7ni602N2S.  Calculated  7^  N  8,97. 

lO-Mcthyl-3-benzylidencaminophenothiazine.  Five  grams  of  lO-methyl-3-amlnophenothIazlne  hydro¬ 
chloride  was  mixed  with  50  ml  of  water,  and  then  207<’  NaOH  solution  was  added  until  the  mixture  was  strongly 
alkaline.  Then  the  mixture  was  extracted  several  times  with  ether  (a  total  of  500-600  ml).  The  ether  solution 
of  the  free  base  was  then  treated  with  2  g  of  freshly  distilled  benzaldchydc,  after  which  the  mixture  was  stirred 
for  10-15  min,  and  this  was  followed  by  washing  first  with  27>  acetic  acid  and  then  with  27<>  sodium  bicarbonate 
solution  (100  ml  each).  The  organic  layer  was  dried  over  fused  sodium  sulfate,  and  the  ether  was  removed  by 
distillation,  at  the  end  under  vacuum.  After  drying  in  a  dq_siccatcr,  the  yellow  residue  (5,6  g)  was  recrystalUzed 
from  alcohol  in  the  presence  of  activated  carbon.  The  lO-methyl-3-bcnzylidcncaminophenothiazIne  was  ob¬ 
tained  as  bright-yellow  needle  crystals  that  collected  in  spherical  formations,  M.p,  131-132*. 

Found  %  C  76.20,  76.00;  H  5.30,  5.35;  N  8.42,  8.56.  CjoHisNjS.  Calculated  7c  C  75.91;  H  5.10;  N  8.86. 
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SUMMARY 


lO-Methyl-3-aminophenoihiazIne  was  synthesized, and  then  It  was  characterized  as  the  free  base,  and  as 
the  tiydrcx:hloride ,  acetyl,  dlacetyl,  and  benzylidene  derivatives. 
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The  system  2, 4-dlnitrophenol— thiourea  represents  definite  Interest  for  the  reason  that,  on  the  one  hand,  it 
can  be  encountered  in  the  synthesis  of  explosives  [1],  dyes  [2],  and  plastics  [3],  and,  on  the  other,  in  the  investi¬ 
gation  of  processes  for  protecting  metals  from  conosion  (the  thiourea 
as  an  inliibitor,  and  the  dinitrophenol  as  an  activator  for  the  acid 
etching  of  alloys  [4]).  According  to  Kym  [5],  2,4-dlnltroanlline  is 
formed  when  2,4-dinitrophcnol  is  heated  with  urea.  The  reaction 
of  the  dinitrophenol  with  thiourea  is  not  reported  in  the  literature. 
Below  we  give  some  data  on  the  thermal  analysis  of  the  system  2,4- 
-  dinitrophenol-  thiourea. 

Two  rccrystallizations  of  technical  2, 4- dinitrophenol  from 
acetone  gave  the  compound  as  rhombic  prisms  with  m,p,  113*,  which 
is  in  agreement  with  the  literature  data  [1],  The  thiourea  (analytical 
grade)  after  two  rccrystallizations  from  alcohol  had  m,p,  172*  (from 
the  literature  [6]:  180*),  The  melting  points  of  the  studied  system 
were  determined  visually  by  the  capillary  method,  using  an  air  baffle. 


Fig,  1,  Fusion  diagram  of  the  system 
2 ,4  -  dinitrophenol-  thioure  a . 


The  obtained  data  are  shown  on  the  fusion  curve  (Fig.  1),  from 
which  it  follows  that  two  chemical  compounds  are  formed  in  the 
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Fig.  2.  Photomicrograph  of  compound 
4C6H3(N02)20H  •CS(NH2)2  (1:120). 


Fig.  3.  Photomicrograph  of  compound 
C6H3(N02)20H  •  CS(NH2)2  (1:120). 


Fig.  4.  Photomicrograph  of  solidified 
thiourea  (1;120), 


Fig.  5.  Photomicrograph  of  solidified 
2,4-dinitrophenol  (1:120), 


system  2,4-dinitrophenol- thiourea:  one  of  composition  C6H3(N02)20H  •  CS(NH2)2  (m.p.  165*),  and  the  other  of 
composition  •1C6H3(N02)20H  •  CS(NH2)2  (m.p.  118*).  The  three  eutectic  mixtures  have  m.p,  90, 110,  and  156*, 
respectively. 

Both  of  the  chemical  compounds  belong  to  the  berthollide  type,  and  arc  characterized  by  their  crystal  struc¬ 
ture  and  color  (the  first  is  yellow,  while  the  second  is  orange).  The  crystal  structure  of  the  two  compounds  is 
shown  in  Figs.  2  and  3.  Chemical  compound  ‘1C6H3(N02)20H  •  CS(NH2)2  solidifies  as  long,  orange, needle  crystals, 
while  the  compound  of  composition  05113(^02)2011  •CS(NH2)2  solidifies  as  exceedingly  fine  crystalline  formations 
with  a  yellow  color.  For  comparison,  the  photomicrographs  of  thiourea  and  2,4-dinitrophenol  are  shown  in  Figs,  4 
and  5. 

The  evolution  of  gases,  indicating  the  possible  formation  of  dinitroaniline  when  2,4-dinitrophenol  is  fused 
with  thiourea,  was  not  observed  during  the  lime  of  the  experiments. 

SUM MARY 

1,  The  fusion  diagram  of  the  system  2,4-dinitrophenol— thiourea  was  obtained  employing  the  visual¬ 
capillary  method. 
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2,  It  was  established  that  two  chemical  compounds  of  the  bertholllde  type  (complex  addition  products)  arc 
formed.  These  compounds  have  the  composition  C8H3(N02)20H  •  CSlNHjij  and  4C5H3(  NOjljOH  •  CS(NHt)|.  It 
was  shown  that  the  microstructurcs  of  the  two  compounds  are  different. 

3.  The  formation  of  dlnltroaniline,  which  is  formed  when  the  dlnltrophenol  is  reacted  with  urea,  was  not 
observed  when  2,4-dinitrophenol  is  fused  with  thiourea. 
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In  a  previous  paper  [1]  we  described  the  condensation  of  2,5,6-triaminopyrido(2,3-dXhiazole  (1)  with  ct- 
-dicarbonyl  compounds,  resulting  in  the  formation  of  pyrazlnopyridothlazole  (2)  derivatives. 
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(1) 


+  I 
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In  the  present  paper,  our  objective  was  to  synthesize  some  derivatives  of  thiazoloquinoxaline,  which  differs 
structurally  from  the  pyrazinopyridothiazole  in  that  the  pyridine  ring  in  the  latter  is  replaced  by  the  benzene  ring. 
Condensation  of  the  isomeric  o-diamino  derivatives  of  2-methylbenzothiazole  with  a-dicarbonyl  compounds 
gave  us  the  three  isomeric  methylthiazoloquinoxalines  (3),  (4),  and  (5).  Thiazoloquinoxalines  of  this  type  have 
reifiaincd  unknown  up  to  now. 

The  condensation  of  2-methyl-6,7-dlaminobenzothiazole  with  ct-dlcarbonyl  compounds  yields  derivatives 
of  the  angular  thiazolo(4,5-h)quinoxallne. 


CH3C  —  S 

«  I 

N,  '  /NH2 


CII,C — s 


R’CO 

+  I 

R2CO 


(3) 
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Tlie  condensation  of  2- methyl-4, 5-diaminobcnzothiazole  with  « -dicarbonyl  compounds  yields  derivatives 
of  the  second  angular  isu.ncr,  namely,  of  thiazolo(5,4-hXtuinoxalinc, 


=rN 

CH3C=N 
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Ml  +  ' 

^  |.  1!  1 

1,  ll  R’CO 

'MI2 

1  II  1 

(4) 

The  condensation  of  2-mcthyl-6,7-diaminobcnzothiazole  with  a -dicarbonyl  compounds  yields  derivatives 
of  the  linear  isomer,  namely,  of  thiazolo(4,5-gXiuinoxaline, 
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(5) 

The  condensation  of  o-diamino  derivatives  of  2-methylbenzothiazole  with  symmetrical  a-dlcarbonyl  com¬ 
pounds  leads  to  the  formation  of  thiazoloquinoxalines  whose  structure  is  not  in  doubt.  The  formation  of  two  Iso¬ 
mers  is  possible  when  the  condensation  is  run  with  unsymmetrical  a-dicarbonyl  compounds. 

CH3C— S 

^  ' 


CilaC — s 
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Nil, 


+ 


CII3C — S 
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We  have  as  yet  been  unable  to  separate  the  products  of  the  condeiisation  of  the  o-diamIno  derivatives  of 
2-methylbenzothiazole  with  phenylglyoxal  and  pyrotartaric  acid  into  the  individual  isomers. 

Of  the  starting  o-diamino  derivatives  of  2-methylbenzotluazole,  only  2-inethyl-6,7-diaminobenzothiazole 
is  known.  This  compound  was  obtained  by  E,  D.  Sych  from  2-methyl-6-chloro-7-nitrobcnzothiazole  by  heating 
the  compound  with  alcoholic  ammonia  solution  in  sealed  tubes,  and  subsequent  reduction  cf  the  obtained  2- 
-methyl-6-ajinno-7-nitrobenzothiazole.  The  2-methyl-6,7-diaminobenzoihiazole  had  m,p,  184*,  while  its  con¬ 
densation  product  with  phcnantlirencquinone  melted  at  282*. 

The  nitration  of  2-methyl-6-acetamidobcnzothiazole  gave  us  the  known  2- methyl- 6-acet3mido-7-nitro- 
benzothiazole  [2],  v.’hich  on  hydrolysis  and  subsequent  reduction  gave  us  2-methyl-6,7-diaminobenzothlazole, 
with  the  above- indicated  melting  point.  The  condensation  product  of  this  diamine  with  phenanthrenequinone 
melted  at  282*. 

2- Methyl-4, 5-diaminobenzothiazole  and  2-mcthyl-5,6-diaminobenzothiazole  are  not  reported  in  the 
literature.  We  obtained  them  by  the  reduction  of  2-mcthyl-4-nitro-  and  2-methyl-6-nitto-5-aminobenzothIazole, 
respectively.  These  two  nitro-amino  derivatives  of  2-methylbcnzothiazolc  are  known,  and  were  obtained  by  the 
nitration  of  2-methyl-5-acetamidobcnzothiazolc  [3],  We  made  some  slight  modifications  in  the  procedure  used 
to  separate  the  isomers  obtained  in  the  nitration,  which  made  it  possible  for  us  to  acquire  a  substantial  amount  of 
tlie  starting  materials. 
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13.86,  13.68 

— 

13.97 

— 

8.78,  8.90 

— 

9.06 

— 

13.74,  13.89 

1 

13.73 

— 

10.91,  10.83 

10.84 

— 

13.60,  13.62 

— 

13.85 

12.69,  12.85 

— 

12.92 

— 

— 

— 

8.81, 

8.92 

9.11 
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TABLE  1  (continued) 


j  Analysis  results  (in  %) 

No.  of 

com- 

R' 

R‘ 

Yield 

Melt¬ 

ing 

point 

Empirical 

found 

1  calc. 

pound 

_ 1 

formula 

N  j  s 

N  j 

s 

Tlnar,clo(4,5-g)qulnoxalines 


•Sv  /X  yNv  /Ri 
CII3C  I  I  I 


XVII 

II 

M 

45 

131 

C,cIl,NjS 

20.61 . 

20.61 

1.5.66, 

1.5.81 

20.89 

1.5.92 

Will 

CH3 

CII3 

47 

197 

C„H,,N,S-H,0 

16.70, 

16.79 

12.76, 

12.79 

17.00 

12.98 

XIX 

QHs 

QII5 

77 

190 

C:,H.»NVS 

11.87, 

11.85 

9.06, 

8.95 

11.89 

9.06 

XX 

on 

OH 

70 

300 

C,oH.O,N,S 

— 

13.74, 

13.80 

— 

13.73 

XXI 

II 

30 

207 

C|,H  11N5S 

— 

11.22, 

11.34 

— 

11.55 

XXII 

CHa 

OH 

^ ^ 

70 

304— 

305 

G„ir,o.NjS 

18.15, 

18.17 

13.94, 

13.82 

,  18.18 

13.85 

XXIII 

1 

n 

70 

289 

(dec.) 

C„ll„N,S 

9.82, 

9.80 

9.84 

XXIV 

1 1 

/\f\ 

1 1 

77 

275 

c„h„n,s 

11.69, 

11.74 

9.20, 

9.36 

11.96 

9.11 

TABLE  2 


No,  of 
compound 

log  € 

'I) 

266,  330 

4..54,  3.81 

(IX) 

256,  324 

4.42,  3.86 

(XVII) 

260,  336 

4.40,  3.96 

The  ot -dicarbonyl  compounds  used  by  us  included:  glyoxal 
(as  the  bisulfite  derivative),  dlacetyl,  benzil,  phenylglyoxal,  pyro- 
tartaric  acid,  oxalic  acid,  phenanthrencquinone,  and  acenaphthenc- 
quinone. 

The  condensation  of  the  o-diamino  derivatives  of  2-methyl- 
benzotMazole  with  the  bisulfite  compound  of  glyoxal  goes  best 
under  the  conditions  used  to  obtain  the  unsubstituted  quinoxaline 
[4],  The  condensation  with  diacetyl  and  with  benzil  was  run  in 
either  alcohol  or  aqueous  alcohol  medium  with  heating  on  the  water  bath;  the  condensation  with  plicnylglyoxal 
and  with  pyrotartaric  acid  was  run  in  a  similar  manner.  With  oxalic  acid  the  condensation  was  run  in  IS'yo  hydro¬ 
chloric  acid,  while  with  acenaphthenequinone  and  with  phenanthrenequinonc  it  was  run  in  glacial  acetic  acid, 

Tlie  obtained  thiazoloqiiinoxalincs  arc  listed  in  Table  1,  They  are  all  crystalline  compounds  with  melting 
points  above  100*.  Adding  the  tluazole  ring  to  the  quinoxaline  molecule  causes  a  substantial  increase  in  the 
melting  points.  Thus,  quinoxaline  melts  at  30-31*,  while  the  thiazoloquinoxalinc  isomers  corresponding  to  (I), 
(IX),  and  (XVII)  have  m.p.  137,  163,  and  131",  respectively. 

The  thiazoloquinoxalines  are  readily  soluble  in  alcohol,  benzene,  toluene,  chloroform,  acetic  acid,  and 
dilute  mineral  acids,  and  are  difficultly  soluble  in  water,  with  the  exception  of  the  unsubslituted  ihiazol'^quin- 
oxalines  (I),  (IX),  and  (XVU), 

The  2,3-dihydroxythiazoloquinoxalincs  (IV),  (XII),  and  (XX)  arc  difficultly  soluble  in  organic  solvents,  and 
are  readily  soluble  in  dilute  aqueous  alkali  solutions.  The  tliiazoloquinoxalinc  derivatives  are  less  soluble  than 
the  quinoxaline  derivatives;  thus,  2,3-dihydroxyquinoxaline  is  soluble  in  hot  water  and  in  boiling  methyl  alcohol, 
while  the  2,3-dihydroxythiazoloquinoxalines  (IV),  (XH),  and  (XX)  are  insoluble  in  hot  water  and  very  slightly 
soluble  in  boiling  methyl  alcohol. 

Similar  to  the  quinoxalines,  the  thiazoloquinoxalines  form  colored  solutions  with  concentrated  sulfuric  acid, 
and  are  stable  to  dilute  mineral  acids  and  alkalies.  With  hydrochloric  acid,  the  thiazoloquinoxalines  form 
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monohydrochlorides,  with  sulfuric  acid  they  form  sulfates,  and 
with  picric  acid  they  form  monopicrates. 

The  ultraviolet  absorption  spectra  of  the  thlazoloquln- 
oxalines  were  taken.  The  absorption  maxima  of  the  thiazolo- 
quiiioxallnes  not  substituted  in  the  pyrazine  ring  are  given  in 
Table  2.  Tlie  absorption  curves  of  these  compounds  are  shown 
in  the  figure.  The  measurements  were  made  in  alcohol  solution 
using  an  SF-4  spectrophotometer, 

EX  PERIMENTA  L 

2~Methyl-6-aminobenzothiazole  and  its  acetyl  derivative 
were  obtained  by  the  improved  method  of  I,  K,  Ushenko  [5], 

The  nitration  of  2-methyl-6-acctamidobenzothiazole  was 
run  under  the  conditions  described  in  the  literature  [2],  but  the 
method  used  to  hydrolyze  the  obtained  nitro-acetamido  deriva¬ 
tive  was  ehanged:  Dilute  hydrochloric  acid  was  used  instead  of 
alkali  for  the  hydrolysis.  To  67  g  of  2- methyl- 6-acetamido- 
-7-nitrobenzothiazole,  m,p,  201-202*,  was  added  200  ml  of 
hydrochloric  acid  (1:1),  and  the  mixture  was  heated  on  the  boil¬ 
ing  water  bath  for  1  hr,  after  which  it  was  cooled  and  neutralized  with  ammonia.  The  obtained  orange  precipi¬ 
tate  of  2-mctliyl-6-amino-7-nitrobcnzothiazolc  was  filtered,  washed  well  with  water,  and  dried.  Weight  55  g, 
m.p,  253",  After  rccrystallization  from  alcohol,  m,p,  253*  (literature  data:  m,p,  250-251*). 


Absorption  speetra  of  tliiazoloquinoxalincs 
(I),  (IX),  and  (XVU). 


2-Mcthyl-r),7-diaminoben/othiazolc.  To  a  suspension  of  37  g  of  2-methyl-G-amino-7-nitrobenzotltlazole 
in  350  ml  of  concentrated  hydrochloric  acid  was  added,  with  mechanical  stirring,  40  g  of  spongy  tin  in  2,5  hr, 
with  heating  on  the  water  bath  (75-80*),  When  all  of  the  tin  had  been  added,  the  reaction  mixture  was  stirred 
for  another  3  hr  at  the  same  temperature,  and  then  allowed  to  stand  overnight.  The  mixture  was  then  diluted 
with  200  ml  of  water,  after  which  it  was  heated  on  the  water  bath  until  all  of  the  tin  salt  had  dissolved,  and  then 
the  solution  was  filtered,  eooled,  and  made  alkaline  with  40‘’/o  NaOH  solution.  The  obtained  light-gray  precipi¬ 
tate  of  the  diamine  was  filtered,  washed  with  50  ml  of  ice-cold  water,  and  dried  at  60*.  Tiie  precipitate  was  ex¬ 
tracted  with  boiling  alcohol  (500  ml),  and  removal  of  the  alcohol  by  distillation  left  23,5  g  of  crude  2-methyl- 
-G,7-diaminobenzothiazole.  The  compound  was  purified  by  dissolving  in  350  ml  of  alcohol,  after  which  the  solu¬ 
tion  was  treated  with  activated  carbon,  filtered,  and  150  ml  of  alcohol  was  distilled  from  the  Ititrate.  The  alco¬ 
hol  solution  on  cooling  deposited  19,7  g  of  nearly  colorless  needle  crystals  with  m.p,  184*.  Further  evaporation 
of  the  mother  liquor  gave  an  additional  1.5  g  of  the  diamine,  or  a  total  of  21,7  g 

2-Methyl-4,5-diaminobenzothiazole  and  2-mcthyl-5,6-diaminobenzothiazole.  2-Methyl-5-amlnobenzo- 
thizaole  and  its  acetyl  derivative  were  obtained  by  the  method  described  in  the  literature  [6],  The  nitration  of 
2-methyl-5-acetamidobenzothiazole  was  run  under  the  conditions  described  by  Sych  and  Tolmachev  [3],  The 
isomers  obtained  in  the  nitration,  namely  2-methyl-4-nitro-5-3cetamidobenzothiazole  and  2-methyl-6-nitro-5- 
-acetamidobenzothiazole,  were  separated  by  the  indicated  authors  using  the  technique  of  fractional  crystalliza¬ 
tion  from  alcohol  and  benzene.  We  separated  the  isomers  obtained  in  the  nitration  of  2-methyl-5-acetamldo- 
benzothiazolc  in  the  following  manner:  The  precipitate  obtained  from  the  nitration  of  120  g  of  the  acetyl  deriva¬ 
tive  was  dissolved  in  2  liters  of  chloroform  by  heating  under  reflux.  The  obtained  solution  was  filtered  from  a 
small  amount  of  undissolved  product  (5  g).  The  filtrate,  on  standing,  deposited  52  g  of  pale-yellow  needle  crys¬ 
tals  with  m.p,  177-178*,  which  proved  to  be  nearly  pure  2-methyl-4-nitro-5-acetamidobenzothiazole,  The  fil¬ 
trate  was  concentrated  to  a  volume  of  300  ml.  The  residual  solution,  on  standing,  deposited  another  30  g  of  sub¬ 
stance  with  m.p,  173-174*.  One  recrystallization  from  chloroform  gave  the  pure  2-methyl-4-nitro-5-acetamldo- 
benzothiazole  with  m.p,  179-180*.  The  chloroform  filtrate  from  the  removal  of  the  crystalline  precipitate  was 
evaporated  to  dryness.  The  dry  residue  was  refluxed  with  250  ml  of  methanol  for  15  min,  and  then  filtered  hot. 

The  insoluble  orange-yellow  precipitate  was  washed  with  50  ml  of  hot  methanol  and  then  dried.  Weight  20  g, 
m.p,  220*.  This  material  is  pure  2-mcthyl-6-nitro-5-acetamidobenzothiazole,  The  methanol  was  distilled  from 
the  alcohol  solution  and  the  residue  was  recrystallized  from  chloroform  to  give  5  g  of  2-methyl-4-nitro-5-acet- 
amidobenzothiazole  with  m.p,  173-174*.  As  a  result,  the  nitration  of  120  g  of  2-methyl-5-acetamidobenzothiazole 
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enabled  us  to  obtain  87  g  of  2-methyl-4-nitro-5-acetamidobep.70thia”ole  and  20  g  of  2-methyl-6-nltro-5- 
-acctainidobenzoiliiazole. 

The  hydrolysis  of  2-niethyl-4-nitro-5-acetamdobenzothiazole  was  accomplished  by  heating  with  1:1  HCl. 
From  41  g  of  the  acetyl  derivative  we  obtained,  after  recrystallization  from  methyl  alcohol,  30,8  g  (887o)  of  pure 
2-mcthyl-4-nitro-5-aminobenzothiazole  with  m.p.  190*, 

In  a  similar  manner  v;e  isolated  15.5  g  of  2- methyl- 6-nitro-5-aminobenzothiazole .with  m.p.  222*  from 
20  g  of  2-methyl-6-nitro-5-acctair.idobcnzothiazole. 

Rediiciicn  cf  2-mcthyl-4-nitrQ-5-aminobcnzothiazole.  The  reduction  was  run  under  the  conditions  used 
to  reduce  2-mcthyl-7-niiro-G-aminobenzothiazole.  From  30  g  of  2-methyl-4-nitro-5-aminobenzotbiazole,  after 
recrystalli/.ation  from  toluene,  we  obtained  20.5  g  (79'70  of  colorless  needles  with  m.p.  142*. 

Found  ‘7r.;  S  17.92,  17.86.  CgHgNaS.  Calculated  ‘/o.  S  17.87, 

The  reduction  of  2-inethyl-6-nltro-5-aminobcnzothiazole  was  run  in  a  similar  manner.  From  16  g  of  the 
nitro  derivative  we  isolated  a  white  precipitate,  wlxich  quickly  darkened  in  the  air.  The  precipitate  was  extracted 
with  methyl  alcohol,  tlic  alcohol  was  distilled  off,  and  the  residue  was  recrystallizcd  twice  from  toluene.  Weight 
6,9  g  (51‘7o).  The  compound  was  obtained  as  nearly  colorless  needles  with  m.p.  163-164*, 

Found  N  23,58,  23.69;  S  17.59,17.75.  CgHgNaS.  Calculated  %  N  23.46;  S  17,87. 

8-Methyltliizolo(4,5-h>quinoxaline  (I),  A  solution  of  0,7  g  of  2-mcthyl-6,7-diaminobenzothiazole  In  10 
ml  of  alcohol  was  added  to  a  solution  of  1,4  g  of  the  bisulfite  compound  of  glyoxal  in  10  ml  of  water.  The  mix¬ 
ture  was  refluxed  for  2  hr,  and  then  filtered.  The  filtrate,  on  cooling,  deposited  0,52  g  of  colorless  crystals,  which 
were  recrystallized  from  aqueous  alcohol  (1:1);  m.p.  137*. 

The  hydrochloride  of  8-methyltliiazolo(4,5-h)quinoxalInewas  obtained  by  mixing  a  solution  of  the  free  base 
In  absolute  alcohol  with  an  ctlicr  solution  of  hydrogen  chloride.  The  obtained  precipitate  was  filtered,  washed 
with  ether,  and  dried  in  a  vacuum-desiccator,  Tlie  compound  darkens  at  160*,  then  shrivels,  and  melts  at  240 
to  243*. 

Found  <70:  Cl  14.74,  14.64.  C10H7N3S  •  HCl.  Calculated  %  Cl  14.94. 

The  sulfate  of  8-methylthiazolo(4,5-h)quinoxalinc  was  obtained  by  adding  several  drops  of  concentrated 
sulfuric  acid  to  a  solution  of  the  free  base  in  dry  ether,  Tliis  resulted  in  the  precipitation  of  the  sulfate,  which 
was  recrystallizcd  from  anhydrous  alcohol,  Tlic  compound  was  obtained  as  pale-yellow  nodules  that  darkened 
at  125",  and  melted  with  decomposition  at  143*. 

Found  %  S  19.76,  19.79.  C10H7N3S  •  H2SO4  •  HjO.  Calculated  S  20.18. 

The  picrate  was  obtained  by  mixing  an  alcohol  solution  of  the  free  base  with  an  alcohol  solution  of  picric 
acid.  Pale  yellow  needles  (from  alcohol)  with  m.p,  173*. 

Found ‘/V.  N  19.74,  19.76;  S  7.63,  7.75.  CioH7N3S  •  C6ll20H(N02)3.  Calculated  *70:  N  19.53;  S  7.44. 

8-Mcthylthiazolo(5,4-h)qulnoxaline  (LX).  A  solution  of  0,7  g  of  2-inethyl-4,5-diaminobcnzoth(azole  in 
20  ml  of  2M  acetic  acid  solution  was  added  to  10  ml  of  a  4M  sodium  acetate  solution,  after  which  the  mixture 
was  heated  to  60",  and  then  with  stirring  was  added  to  a  solution  of  1.4  g  of  the  bisulfite  compound  of  glyoxal  In 
10  ml  of  water,  also  warmed  to  60*.  The  yellow  solution  obtained  in  this  manner  was  stirred  at  60*  for  1  hr,  then 
cooled  to  10";  0.6  g  of  NaOH  (as  pellets)  was  added,  and  after  the  caustic  had  dissolved,  2,5  g  of  potassium  car¬ 
bonate  was  added.  The  obtained  thiazoloquinoxaline  was  isolated  from  the  aqueous  solution  by  repeated  extrac¬ 
tion  with  small  portions  of  benzene  (a  total  of  150  ml).  Removal  of  tlie  benzene  by  distillation  left  0,64  g  of 
yellow  crystals  with  m.p,  163",  The  crystals  were  dissolved  in  benzene,  the  solution  filtered,  and  the  solvent 
slowly  evaporated  from  the  filtrate;  this  gave  0.58  g  {18°Jo)  of  pale-yellow  plates  with  m.p.  163",  and  readily  sol¬ 
uble  in  water,  alcohol,  benzene,  and  ether, 

7-Methylthiazolo(4,5-g)quinoxaUne  (XVIl)  was  obtained  in  a  similar  manner  from  2-methyl-5,6-diamino- 
benzothiazole. 
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2,3,8-Trimcthylthlazolo(4,5“h)qulnoxallne  (n).  A  solution  of  0.7  g  of  2-mcthyl-6,7-dlamlnobenzothiazole 
in  5  ml  of  alcohol  was  added  to  a  solution  of  0.52  g  of  diacetyl  in  15  ml  of  water,  and  the  mixture  was  refluxed 
for  2  hr.  The  precipitate  obtained  on  cooling  was  filtered,  washed  with  water,  and  recrystallized  from  20  ml  of 
aqueous  alcohol  (1:1).  The  compound  was  obtained  as  colorless  silky  needles,  difficultly  soluble  in  water,  and 
readily  soluble  in  organic  solvents. 

The  picrale  was  obtained  as  pale-yellow  needles  with  m.p.  179*  (from  alcohol). 

Found  <’h.  S  7.04,  7.08.  CuHnNjS  •  CgllzOlKNOz),.  Calculated  %  S  6.98. 

lx)  was  obtained  in  a  similar  manner  from  2-mcthyl-4,5-diaminobenzothlazole, 

The  condensation  of  2- methyl- 5,6-diamlnobenzoihlazole  with  dlacetyl  under  the  same  conditions  gave  a 
solution  from  which  a  precipitate  failed  to  deposit.  The  solution  was  evaporated  to  dryness,  and  the  dry  residue 
was  extracted  with  benzene.  The  obtained  2,3,7-trimethylfhlazolo(4,5-g)quinoxallne  (XVIIl)was  recrystallized 
from  a  mixture  of  benzene  and  alcohol.  Pale-yellow  needles,  soluble  in  water  and  in  organic  solvents.  The  com¬ 
pound  forms  a  stable  monocrystallohydratc. 

The  picrate  was  obtained  as  yellow  needles  with  m.p.  196*  (from  alcohol). 

Found  S  7,04,  7,19,  C2gHj407N6S,  Calculated  ‘Vn;  S  6.98, 

8-Methyl-2.3-diphenylthia20lo(4,5-h)quinoxaline  (III).  A  mixture  of  0,7  g  of  2-mcthyl-6,7-dlaminobenzo- 
thiazole  and  0.84  g  of  benzil  in  25  ml  of  alcohol  was  refluxed  for  30  min,  A  yellow  crystalline  precipitate  began 
to  deposit  within  5  min  after  the  start  of  reflux.  This  precipitate  was  filtered,  washed  with  alcohol,  and  rccrys- 
tallizcd  from  benzene.  The  compound  was  obtained  as  light-yellow  prisms,  insoluble  in  water,  difficultly  soluble 
in  alcohol  and  acetone,  and  readily  soluble  in  benzene,  toluene,  acetic  acid,  and  dilute  hydrochloric  acid, 

2.3- niphcnyl-8-mcthylthiazolo(5,4-h>iuinoxalinc  (XI)  was  obtained  in  a  similar  manner  from  2-methyl- 
-4,5-diaminobenzothiazolc;  pale-yellow  needles  (from  benzene). 

2.3- |Jiphcnyl-8-methylthiazolo(4 .5-g)<.iuinoxaline  (XIX)  was  obtained  from  2-methyl-5,6-diaminobcnzo- 
ihiazole,  and  was  recrystallized  from  OC/o  alcohol.  The  compound  is  difficultly  soluble  in  water,  readily  soluble 
in  alcoliol  and  acetone,  and  much  more  soluble  in  benzene  and  toluene  than  isomers  (III)  and  (XI), 

2.3- Dihydroxy- 7-methylthiazolo(4,5-hXiuinoxaline  (IV).  A  mixture  of  0.7  g  of  2-methyl-6,7-diamino- 
ben/othiazole,  0,54  g  of  oxalic  acid,  and  15  ml  of  15"/’)  hydrochloric  acid  was  refluxed  for  1  hr.  A  white  crystal¬ 
line  precipitate  gradually  deposited  from  the  solution;  it  was  filtered,  washed  with  water,  and  then  with  alcohol 
and  with  ether.  The  compound  is  almost  insoluble  in  water  and  is  difficultly  soluble  in  organic  solvents,  but  is 
readily  soluble  in  dilute  alkalies  and  aqueous  sodium  carbonate  solution.  The  precipitate  was  purified  by  dissolv¬ 
ing  in  2"/o  sodium  bicarbonate  solution,  followed  by  treatment  with  activated  carbon,  after  which  the  solution  was 
filtered,  and  the  filtrate  was  acidified  with  acetic  acid.  Here  we  obtained  0,6  g  of  colorless  microscopic  needles, 
which  failed  to  melt  up  to  330*. 

2.3- Dihydroxy-7-nicthylthiazolo(5 ,4-hXuiinoxaline  (XII)  was  obtained  from  2-methyl-4,5-diamlnobenzo- 
thiazole,  while  2,3-dihydroxy-i)-methylthiazolol4,5-g)quinoxaline  (XX)  was  obtained  from  2-methyl-5,6-di- 
aminobcnzothiazolc  in  a  similar  manner. 

2(3)-Phcnyl-7-methylthiazolo(4,5-h)quinoxaline  (V).  A  hot  solution  of  0,7  g  of  2- methyl-6, 7-dlamlno- 
bcnzothiazole  in  10  ml  of  methanol  was  added  to  a  hot  solution  of  0,54  g  of  phenylglyoxal  in  10  ml  of  methanol. 
The  obtained  solution  immediately  turned  yellow,  and  yellow  needles  began  to  separate  from  solution  after  5  min 
healing  on  the  boiling  water  bath.  After  1  hr,  the  crystals  were  filtered  and  washed  with  alcohol  and  ether;  m.p, 
210*.  After  one  recrystallization  from  alcohol  or  benzene,  m.p.  212*.  Further  recrystallization  failed  to  raise 
the  melting  point.  The  compound  is  difficultly  soluble  in  water,  more  soluble  in  alcohol,  and  readily  soluble  in 
benzene,  toluene,  chloroform,  acetic  acid,  and  dilute  hydrochloric  acid. 

To  separate  the  postulated  isomers,  the  compound  after  isolation  from  the  reaction  mixture  was  dissolved 
in  chloroform,  and  the  chloroform  solution  was  passed  through  a  chromatographic  column  filled  with  aluminum 
oxide.  One  zone  was  obtained,  which  was  eluted  with  chloroform.  Removal  of  the  solvent  by  distillation  left  a 
white  precipitate  with  m.p.  212*,  which  was  not  raised  by  recrystallization  from  alcohol  or  benzene.  We  were 
unable  to  find  the  postulated  isomers. 
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2(3)-Phenyl-7-mcihyIiJnazolo(5,4-h>^uinoxaline  (XIH)  and  2(3)-phcnyl-6-methyhh!a2olo{'l,5-gXiuinoxa- 
linc  (XXI)  were  obtained  In  a  similar  manner.  The  last  compound  was  recrystallized  from  90%  alcohol,  -It  is 
much  more  soluble  in  organic  solvents  than  the  angular  Isomers, 

2(3)-Hydroxy-3(2),8-dimethylthiazolo(4,5-h):iuinoxaline  (VI).  A  solution  of  0.5  g  of  freshly  distilled  pyro- 
tartaric  acid  in  2  ml  of  water  was  added  to  a  solution  of  0.7  g  of  2-methyl-6,7-diaminobenzothiazole  in  20  ml 
of  50%  alcohol.  The  solution  turned  yellow  immediately,  and  a  yellow  precipitate  began  to  deposit  in  5-10  min. 
After  standing  for  1  hr,  the  precipitate  was  filtered  and  then  washed  with  water  and  with  alcohol.  The  compound 
was  purified  by  dissolving  in  20  ml  of  1%  NaOH  solution,  followed  by  filtration  of  the  solution  and  acidification 
of  the  filtrate  with  acetic  acid.  This  resulted  in  the  deposition  of  homogeneous  pale-yellow  needles,  difficultly 
soluble  in  water  and  in  organic  solvents.  (XIV)  and  (XXII)  were  obtained  in  a  similar  manner.  In  contrast  to  (VI) 
and  (XIV),  (XXII)  is  readily  soluble  in  organic  solvents.  To  isolate  it  from  the  reaction  mixture,  the  solvent  was 
removed  by  distillation,  and  the  residue  was  rccrystalllzed  from  a  small  amount  of  benzene. 

The  acenaphtho  derivatives  (VII),  (XV),  and  (XXIII)  were  obtained  by  mixing  hot  solutions  of  the  diamine 
in  alcohol  and  the  acenaphthenequinonc  in  acetic  acid.  The  compounds  were  recrystallized  from  xylene. 

The  phenanthrene  derivatives  (XVI)  and  (XXIV)  were  obtained  in  a  similar  manner,  and  they  were  rtcrystal- 
llzed  from  benzene, 

SUMMARY 

1.  The  following  o-diamino  derivatives  of  2-methylbenzothIazole  were  obtained:  2-methyl-4,5-diamlno- 
bcnzothlazole,  2-methyl-5,6-diaminobenzothlazole,  and  the  previously  known  2-mcthyl-6,7-diamlnobenzothl- 
azole. 


2,  The  following  three  types  of  isomeric  thlazoloquinoxaline  derivatives  were  synthesized  by  the  con¬ 
densation  of  o-diamino  derivatives  of  2-mothylbcnzothiazole  with  a-dicarbonyl  compounds:  thiazolo(4,5-h)- 
quinoxalines,  thiazolo(5,4-h)quinoxalincs,  and  thIazolo(4,5-g)qulnoxalines,  The  properties  of  these  compounds 
were  studied,  and  their  ultraviolet  absorption  spectra  were  taken. 
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EarllerfWe  had  proposed  a  general  mechanism  for  the  formation  of  aldehydes  and  ketones  from  acids,  de¬ 
rivatives  of  acids,  aldehydes,  and  their  mixtures  [1],  In  the  present  Investigation,  undertaken  for  the  purpose  of 
confirming  the  earllep-expressed  postulations,  we  studied  the  relationship  between  the  yield  of  acetaldehyde  and 
the  temperature  when  acetic  acid  Is  reacted  with  formaldehyde  on  chromium-copper  catalyst,  and  we  also  ex¬ 
amined  the  kinetics  of  the  decomposition  of  both  the  starting  materials  and  the  reaction  products  on  the  same 
catalyst.  The  rules  that  evolved  as  a  result  of  this  study  make  It  possible  to  state  that  the  earlier-proposed 
scheme  for  the  formation  of  aldehydes  and  ketones  from  acids  also  applies  In  the  present  case. 

The  reaction  of  acetic  acid  with  formaldehyde  should  yield  acetaldehyde  and  formic  acid  In  accordance 
with  reaction  (1), 

ClI/:OOIl  4-  HaCO  — >  CH3CHO  -f-  HCOOH  (l) 

Experiments  revealed  that  the  given  reaction  proceeds  In  the  temperature  range  180-380*  (see  table),  A 
sharp  increase  in  the  amount  of  acetaldehyde  (see  Experimental),  and  a  reduction  in  the  amount  of  formic  acid 
Is  observed  at  higher  temperatures.  It  can  be  assumed  that  at  these  temperatures  the  formic  acid  begins  to  react 
with  acetic  acid  in  accordance  with  scheme  (2), 


CllaCOOll  4-  IK'.OOH  — >  CIlsClIO  f  HjO  4-  CO2  ^2) 

Reaction  (l)  is  the  principal,  if  not  the  only  source  of  the  formation  of  formic  acid  under  our  experimental 
conditions.  Actually, Its  formation  fails  to  occur  when  either  formaldehyde  or  the  secondary  reaction  products  are 
decomposed  on  the  indicated  catalyst.  Formaldehyde  decomposed  with  the  formation  of  H^,  CO,  and  COj,  in 
which  connection  the  total  anK)unt  of  CO2  in  the  gases  decreases  and  the  amounts  of  H2  and  CO  increase  with  in¬ 
crease  in  the  temperature.  This  means  that  at  high  temperatures  the  decomposition  of  formaldehyde  proceeds 
mainly  in  accordance  with  scheme  (3). 


H2CO  Ha  4-  CO  (3) 

Tlie  mechanism  for  the  formation  of  the  COa  is  not  clear.  In  any  case,  the  formation  of  the  COj  Is  not  due 
to  the  decomposition  of  formic  acid,  since  this  compound  could  not  be  detected  in  the  experiment  on  the  de¬ 
composition  of  formaldehyde.  Also,  there  Is  no  basis  to  assume  that  the  COa  is  formed  due  to  conversion  of  the 
CO,  since  this  conversion  goes  with  difficulty  and  requires  higher  temperatures. 

The  noticeable  decomposition  of  acetic  acid  in  the  presence  of  Ha  begins  only  at  temperatures  above  250*, 
and  it  goes  with  the  formation  of  acetone.  Formic  acid  and  acetaldehyde  are  not  formed.  The  gas  contaiiu 
nearly  equal  amounts  of  CO  and  COa, 

At  temperatures  up  to  300*,  the  formation  of  acetaldehyde  also  goes  mainly,  if  not  exclusively,  in  accord¬ 
ance  with  reaction  (1),  It  was  already  stated  earlier  that  the  other  possible  reaction  for  its  formation,  namely 
(2),  begins  to  proceed  at  a  noticeable  rate  only  at  higher  temperatures. 
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Reaction  for  the  Decomposition  of  a  Mixture  of  Acetic  Acid  (957o)  and  Formaldehyde 
(34.1‘5<>  Solution)  (Taken  in  a  1:1  Mole  Ratio) 


Temp, 

•c 

Total  acid¬ 
ity  in  0.5 
ITU  of 
catalyzate 
(ml  of 
:).5NNa01) 

Total  amt.  of 
cdrbonyl  compi 
in  0.5  ml  of 
catalyzate  (ml 
of  0.5N  NaOH) 

Amt.  of 
HCOOH  in 
1000  ml  of 
catalyzate 
(In  g) 

Comp,  of  gases  (in  vol,  ' 

1 

Yield 
of  gas 
(ml/ min) 

CO, 

CO 

H. 

00 

7.8 

15.7 

0 

175 

_ 

_ 

1.4 

— 

— 

— 

— 

200 

_ 

_ 

3.0 

— 

— 

— 

— 

225 

_ 

3.7 

— 

— 

.  — 

— 

250 

4.8 

7.1 

8.0 

— 

— 

— 

— 

275 

4.7 

7.0 

10.6 

17.6 

30.6 

54.2 

5 

300 

4.5 

6.1 

21.2 

17.6 

30.2 

52.2 

10 

325 

4.2 

6.6 

30.2 

20.2 

27.4 

52.4 

32 

350 

4.6 

5.6 

38.2 

22.6 

24.6 

52.8 

40 

375 

4.3 

3.4 

47.4 

20.0 

23.6 

.  50.0 

45 

400 

3.0 

2.0 

49.7 

20.0 

23.6 

50.0 

no 

425 

2.3 

2.0 

16.1 

130 

ml 


Change  in  the  amounts  of  products  from  the  reaction  of  acetic  acid  with  formaldehyde  on  a 
chromium-coppcr  catalyst  as  a  function  of  the  temperature,  I)  Total  acidity  (in  ml  of  O.IN 
NaOH);  II)  amount  of  carbonyl  compounds  (in  ml  of  0.5N  NaOH  consumed  for  back  titratlont 
using  the  hydroxylamine  method);  in)  HCOOH  (in  g/  1000  ml  of  catalyzate);  IV)  CH3CHO 
(the  same  as  III);  V)  CH^O  in  the  reaction  for  Its  decomposition  (the  same  as  II);  VI)  HCOOH 
In  the  reaction  for  its  decomposition  (in  ml  of  0,5N  NaOH);  VIt)CH3COOH  (the  same  as  VI); 
The  dotted  continuations  of  curves  I,  II,  V,  VI,  and  VII  indicate  the  initial  concentrations. 


Some  remarks  should  also  be  made  regarding  the  secondary  processes  that  take  place  on  the  Indicated  cata¬ 
lyst,  Thus,  acetaldehyde  proved  to  be  a  quite  stable  compound.  Its  noticeable  dccomp>ositIon  begins  only  at 
temperatures  exceeding  350*,  Hydiogen  represents  half  of  the  gases  that  are  formed  here.  At  lower  temperatures 
the  amount  of  CO  formed  greatly  exceeds  the  amount  of  COj,  These  amounts  approach  each  other  as  the  temp¬ 
erature  is  raised.  The  formation  of  acids  is  not  obser\'ed. 

Although  we  failed  to  make  a  special  study  of  the  decomposition  processes  of  acetaldehyde  in  the  present 
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investigation,  still  it  is  possible  to  assume  that  it  does  not  go  through  the  ester  [2],  In  case  the  ester  was  formed, 

It  would  decompose  with  the  formation  of  ethylene.  In  accordance  with  scheme  (4);  we  failed  to  find  ethylene  In 
the  reaction  gases, 

jciigf  iio  ('.ivxiorjii-  — >  ciiacociin  +  c.iu  +  coo  +  c^n.-.oii  (4) 

It  was  also  necessary  to  establish  the  manner  in  which  acetone  behaves  under  the  investigated  conditions. 

The  experiments  revealed  that  acetone  begins  to  decompose  at  very  high  temperatures  (390-420*),  As  a  result, 
the  decomposition  of  acetone  fails  to  exert  an  Influence  on  the  main  course  of  the  investigated  process. 

Mention  should  also  be  made  of  the  remarkable  fact  that  the  decomposition  (in  the  presence  of  water)  of 
formaldehyde,  acetaldehyde,  and  acetone  results  in  the  formation  of  the  three  gases  H2,  CO,  and  COj,  in  which 
connection  the  amount  of  and  CO2  increases  with  increase  in  the  temperature.  It  is  impossible  to  attribute  this 
to  a  conversion  of  the  carbon  monoxide,  since  such  conversion  occurs  only  at  higher  temperatures.  It  is  obvious 
that  all  of  these  gases  are  formed  directly  from  the  carboiyl  compounds. 

Formic  acid  proved  to  be  an  unstable  compound.  Nevertheless,  its  concentration  keeps  increasing  constantly 
with  increase  in  the  temperature  up  to  approximately  380-390*,  Such  a  phenomenon  can  be  explained  only  by 
the  fact  that  its  rate  of  formation  exceeds  its  decomposition  rate  and,  failing  to  decompose,  it  succeeds  in  escap¬ 
ing  from  the  high- temperature  zone.  At  low  temperatures  the  decomposition  of  formic  acid  proceeds  in  accord¬ 
ance  with  scheme  (5),  and  at  higher  temperatures  in  accordance  with  scheme  (6), 

IK', 0011  — >  112  f-002,  (5) 

IK'.OOIl  II2O  +  OO.  (6) 

Tlic  nature  of  the  change  in  the  concentrations  of  the  carbonyl  compounds  and  acids  in  the  examined  processes, 
taking  place  on  a  copper-chromium  catalyst,  is  shown  in  the  figure.  Attention  is  drawn  to  the  fact  that  the  appear¬ 
ance  of  formic  acid  in  the  reaction  products  precedes  the  appearance  of  acetaldehyde,  but  it  fails  to  take  an  active 
part  in  the  formation  of  acetaldehyde  at  temperatures  below  380*.  A  sharp  decrease  in  its  concentration  is  ob¬ 
served  at  higher  temperatures,  possibly  because  it  begins  to  react  in  accordance  with  scheme  (2), 

The  present  investigation  indicates  that  it  is  possible  to  obtain  acetaldehyde  from  acetic  acid  and  form¬ 
aldehyde,  and  it  substantiates  the  earlier-proposed  scheme  for  tlte  conversion  of  acids  and  aldehydes  and  their 
mixtures  to  other  aldehydes  and  ketones. 


EXPERIMENTAL 

Preparation  of  catalyst.  Solutions  of  121,6  g  of  (NH4)2Cr04  in  400  ml  of  water  and  232,6  g  of  Cu  (N03)2  *3H20 
in  250  ml  of  water  were  poured  together,  and  then  60  ml  of  257»  NH4OH  solution  was  added.  The  precipitate  was 
filtered  and  without  washing  was  dried  and  calcined.  Twenty  grams  of  the.  catalyst  was  deposited  on  asbestos  wool. 
The  same  portion  of  catalyst  was  used  in  all  of  the  experiments. 

Method  of  operation.  Rheometers  w'ere  used  to  measure  the  amounts  of  ingoing  and  outgoing  gas.  An  ap¬ 
paratus  designed  by  the  All-Union  Heat  Engineering  Institute  was  used  for  the  gas  analysis.  The  amounts  of  H2, 
CO,C02,  3nd  unsaturated  hydrocarbons  were  determined.  Only  those  liquid  reaction  products  were  analyzed  that 
collected  in  the  receiver  after  water  cooling.  To  determine  quantitatively  the  yield  of  acetaldehyde,  we  used  an 
additional  trap,  filled  with  alcohol  (95‘7c'),  and  immersed  in  a  cooling  mixture  of  alcohol  and  dry  ice.  To  analyze 
the  catalyzate,  the  acids  were  neutralized  with  sodium  carbonate  and  the  carbonyl  compounds  were  steam- 
distilled.  The  formic  acid  was  determined  in  accordance  with  [3],  while  the  carbonyl  compounds  were  deter¬ 
mined  by  the  hydroxylamine  method. 

Colorimetric  determination  of  acetaldehyde.  For  the  analysis  a  solution  was  prepared  by  the  successive  pour¬ 
ing  together  of  5  mi  of  4‘y(' hydroxyquinoline,  5  ml  of  1,437<’  sodium  nitroprusside ,  40  ml  of  water,  and  then  1  ml 
of  the  catalyzate.  The  solution  was  analyzed  colorimetrically  after  standing  for  30  min. 

The  amount  of  acetaldehyde  in  1.0  ml  of  catalyzate,  determined  colorimetrically,  when  a  mixture  of  1  mole 
of  acetic  acid  and  1  mole  of  29*70  formaldehyde  solution  was  passed  over  the  catalyst  at  a  feed  rate  of  66  ml/ hr 
gave  the  following  results  (in  g>.  0-250*  0,  275*  0.0132,  300*  0.0264,  375*  0.0308,  400*  0.0440,  425*  0.0440. 
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Quantitative  determination  of  formic  acid,  a)  After  removal  of  the  neutral  products  by  steam-distillation, 
the  residue  was  treated  with  10  ml  of  0.1  N  KMn04  solution  on  the  boiling  water  bath  for  10  min,  acidified  with 
20  ml  of  2  N  H2SO4,  and  then  titrated  with  0,1N  oxalic  acid  solution. 

b)  One  milliliter  of  the  catalyzate  was  neutralized  with  sodium  carbonate  and  then  treated  with  steam  as 
in  the  previous  case;  then  the  residue  was  acidified  with  5  ml  of  lO^o  phosphoric  acid  (1;5),  and  the  mixture  was 
steam-distilled  until  100  ml  of  distillate  had  been  collected.  The  distillate  was  analyzed  in  the  same  manner 
as  in  a,  Tlie  results  are  given  in  the  table  and  plotted  in  the  figure  (Curve  III);  only  the  values  obtained  by  me¬ 
thod  ^  v.-ere  used.  Method  b  gives  values  that  differ  from  those  obtained  using  method  £  by  1,0-1,5  ml  of  O.IN 
oxalic  acid. 


SUMMARY 

1.  In  principle,  it  was  established  that  It  is  possible  to  obtain  acetaldehyde  from  acetic  acid  and  formalde¬ 
hyde, 

2,  The  earlier-expressed  mechanism  for  the  hetonlzation  of  acids,  derivatives  of  acids,  and  aldehydes  was 
confirmed  on  the  example  of  acetic  acid  and  formaldehyde, 
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Complexes  of  type  611X4  •  2A  •  2B  and  SnX4  •  2A  •  B  [1-5]  were  obtained  by  reacting  complex  acids  of  type 
SnX4  •  2RCOOH  with  substances  (oxonium  bases)  which,  in  view  of  their  quite  weak  basic  properties,  are  Incapable 
of  displacing  the  addenda  from  the  inner  sphere.  The  formation  of  such  mixed  compounds  is  also  possible  In  the 
reaction  of  stronger  bases  with  the  complex  acids  SnX4  •  2l’COOH,  In  this  case,  the  mixed  complexes  may  be  ob¬ 
tained  as  intermediate  products  in  the  displacement  reactions.  Thus,  for  example,  Usanovich  and  Kalabanovskaya 
[6],  in  describing  the  reaction  for  the  displacement  of  acetic  acid  from  the  Inner  sphere  of  the  complex  acid 
SnCl4  •  2CH3CC)0H,  expressed  the  opinion  that  the  first  act  in  the  displacement  reaction  Is  the  formation  of  the 
intermediate  complex  SnCl4  •  2CH3COOH  •  2C5H5N, 

The  present  paper  is  a  continuation  of  a  series  of  investigations  on  the  preparation  of  mixed  complexes  of 
tin  halides,  and  has  as  its  goal  a  study  of  the  displacement  of  addenda  from  the  inner  sphere  of  compounds  of 
type  SnCl4  •  2RCOOH  by  nitrogen-containing  organic  bases,  A  study  was  made  of  the  displacement  of  Cn3COOH 
from  the  complex  acid  SnCl4  •  2CH3COOII  by  pyridine,  piperidine,  and  aniline,  A  study  of  complex  formation 
in  the  systems  SnCl4  •  2CH3COOH—  organic  base,  and  of  the  displacement  of  acid  from  SnCl4  •  2CH3COOII  by 
bases,  was  made  via  the  synthesis  of  the  complexes,  which  were  then  subjected  to  thermal  decomposition,  and  al¬ 
so  by  employing  the  cryoscopic  method. 


•Original  Russian  pagination.  See  C3.  translation. 
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Fig,  1,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  the  composition 
of  the  system  SnCl4  •2CH3COOH-* 
-CII3COOII  (in  mole  °h). 


Fig,  2,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (n)  on  the  composition 
of  the  system  SnGl4*2CH3COOH-“ 
-CH2CICOOH  (in  mole  ^o). 
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Fig.  3,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  the  composition 
of  the  system  SnCl4'2CH3C(X)H- 
— Cgll^OOH  (in  mole  7o), 


Fig.  4,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  the  composition 
of  the  system  SnCl4*2CH3COOH— 
-CeHgOH  (in  mole  %)» 
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SnCl,,‘ZCgHjCOOH  CHjCOOH 


Fig,  5,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  the  composition 
of  the  system  SnCl4*2C6H^OOH— 
-CH3COOH  (in  mole  %), 


SnClt^-ZCgMjCOOH  CCljCOOH 


Fig,  7,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  the  composition 
of  the  system  SnCl4»2C6H;POOH— 
-CCI3COOH  (in  mole  %),  ' 


SnCl^-ZCftffCOOH  (HtClCOOl. 


Fig,  6,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (n)  on  the  composition 
of  the  system  SnCl4 *20611(^0011“ 
-CH2CICOOH  (In  mole  %). 


3nCl^’ZC^HjC00H  CgHfCOOH 


Fig,  8,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (E)  on  the  composition 
of  the  system  SnCl4*2C6H^OOH— 
-CgHfiCOOH  (In  mole  ic). 
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Fig,  0.  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  the  composition 
of  the  system  SnCl^  •2C(;Hr^OOH— 
-CgH^iOIl  (in  mole  °]o). 


EXPERIMENTAL 

The  preparation  and  purification  of  the  compounds  [1-7],  and  also 
the  technique  of  the  cryoscopic  determinations  [7,8]  were  described 
earlier.  Tire  constants  of  the  compounds  agreed  with  the  literature  data. 
The  complexes  were  synthesized  by  the  procedure  of  mixing  solutions 
of  the  complex  acid  SnCl4  •  2CH3COOH  in  benzene  with  the  bases  (us¬ 
ing  1  mole  of  SnCl4  •  2Cn3COOH  per  mole  of  base  and  1  mole  of 
SnCl4  *  2CH3CC)0H  per  2  moles  of  base).  The  obtained  precipitates 
were  separated  from  the  mother  liquor  on  a  glass  filter,  washed  well 
with  benzene,  dried  in  a  vacuum-desiccator  over  P2O5,  and  then  ana¬ 
lyzed  for  tin  and  chlorine. 

1.  Systems  SnCl4  •  2CH3COOH-CgH^OOH,  Cn3COOH, 
CH2CICOOH,  CfiUrpH  and  SnCl4  ♦  2C6HSCOOII-C6H5COOH,  CH3COOH, 
CMzClCOOH,  CCI3COOH,  CgHsOH  were  studied  earlier  on  the  basis  of 
the  elcctroconductivity,  viscosity,  density,  and  fusion  [1-5],  Here  the 
existence  of  complexes  of  the  type  SnCl4  •  2RCOOH  •  B  was  established, 
where  B  is  the  oxonium  base  molecule.  In  the  systems  SnCl4»2CH3COOH- 
— CCI3COOH  and  SnCl4  •  2C6HsCCX)H— CCl3CCX)n,  a  reaction  was  de¬ 
tected  wliich  we  attributed  to  the  formation  of  the  hydrogen  bond,  since 
we  failed  to  observe  an  increase  in  the  elcctroconductivity  in  these  sys¬ 
tems. 


Here  we  will  present  the  results  of  a  cryoscopic  study  of  these 
systems,  represented  in  the  form  of  depression— composition  and  mole¬ 
cular  weight- composition  diagrams  (Figs,  1-9),  From  the  graphs  it 
can  be  seen  that  as  CH3COOH,  CH2CICOOH,  CCI3COOH,  CgH^OOH, 
or  CcHsOH  is  added  to  a  solution  of  SnCl4  *  2CH3COOH  in  benzene,  or  to  a  solution  of  SnCl4  •  2C6H5COOH  in 
p-dichlorobenzenc,  the  depression  rises  slowly  at  the  start,  and  then,  beginning  around  50  mole  ^0,  it  rises  rapidly. 
In  all  cases,  the  curves  for  the  dependence  of  the  molecular  weight  on  the  composition  show  a  positive  deviation 
of  the  values  from  additivity.  The  maximum  deviation  in  the  value  of  the  molecular  weight  occurs  at  an  equi¬ 
molar  ratio  of  the  components,  which  is  linked  with  the  formation  of  compounds  of  general  formula  SnCl4  • 

•  2RCOOH  •  B,  The  values  of  the  molecular  weights  at  the  points  corresponding  to  the  composition  of  these  com¬ 
pounds  are  less  than  the  whole,  and  greater  than  one-half  the  formula  molecular  weight,  TMs  indicates  that  the 
reaction  for  the  formation  of  the  compounds  does  not  go  to  completion. 

As  a  result,  a  cryoscopic  study  of  the  systems  formed  by  SnCl4  •  2CH3CC)OH  and  SnCl4  •  2CeH^C)OH  with 
oxonium  bases  confirmed  our  earlier  conclusions  regarding  the  formation  of  complexes  of  type  SnCl4»2RCOOH»B, 

2.  System  SnCl4  •  2CH3COOH-CpHgN.  Vigorous  reaction  took  place  when  benzene  solutions  of  SnCl4  • 

•  2CH3COOH  were  mixed  with  pyridine,  leading  to  the  deposition  of  the  formed  complexes  in  the  precipitate. 

Analysis  of  the  precipitates  depositing  from  the  mixtures  gave  the  following  results. 

When  the  components  were  mixed  in  a  1:2  ratio : 

Found  Sn  25.87,  26.01,  26,36;  Cl  30.22,  30,45,  30.58,  30.78. 

When  the  components  were  mixed  in  a  1:1  ratio: 

Founds-?  Sn  25.58  ,  25.71,  26.17;  Cl  30,15.  SnCl4  •  2CH3CCX)H  •  2C5H5N.  Calculated  %:  Sn  22.02; 

Cl  26.32.  SnCl4  •  2CH3C(30H  •  C5H5N.  Calculated  %.  Sn  25,81;  Cl  30.67. 


The  results  of  analyzing  the  precipitates  obtained  on  mixing  the  components  in  the  ratios  of  1:1  and  1:2 
indicate  that  in  both  cases  the  precipitates  represent  the  same  compound,  corresponding  to  the  formula  SnCl4  • 

•  2CH3COOH  •  C5H5N.  The  filtrate  from  the  1:1  mixture  had  an  acid  reaction,  while  the  filtrate  from  the  1:2 
mixture  had  an  alkaline  reaction  (to  methyl  orange).  For  this  reason,  we  decided  to  determine  the  amount  of 
unreacted  pyridine  by  titrating  the  filtrate  with  O.IN  HCl  solution  (in  the  presence  of  crystal  violet,  picric  acid, 
Tropeolin  00,  and  thymol  blue),  and  established  that  the  amount  of  excess  pyridine  in  the  filtrate  from  the  1:2 
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Fig,  11,  Curve  for  the  cryo- 
scopic  titration  of  SnCl4  • 

•  2CH3COOH  with  pyridine. 


Fig,  12,  Curve  for  the  cryo- 
scopic  titration  of  SnCl4  * 

•  2CH3COOH  with  aniline. 


mixture  corresponds  to  1  mole,  Potentiometrlc  titration  of  the 
complex  acid  SnCl4  •  2CH3COOII  with  pyridine  in  absolute 
acetic  acid  revealed  that  one  mole  of  pyridine  is  consumed  In 
the  neutralization  of  one  mole  of  the  complex  acid.  The  po- 
tentiometric  titration  was  run  in  a  special  apparatus  (Fig,  10),  making  it  possible  to  take  the  differential  curve. 


Fig.  10.  Apparatus  for  differential 
potentiomciric  titration. 


The  results  of  the  cryoscopic  titration  of  the  complex  acid  with  pyridine  in  benzene  solution  ate  shown  in 
Fig.  11,  As  constantly  increasing  amounts  of  pyridine  are  added  to  the  complex  acid  in  benzene  solution  the 
depression  drops  at  first,  passes  tlirough  a  minimum  at  50  mole^yo,  and  then  rises  sharply.  The  drop  in  the  depres¬ 
sion  up  to  50  111010*70  is  caused  by  the  formation  of  the  equimolecular  compound  and  its  deposition  in  the  pre¬ 
cipitate. 


Consequently,  the  results  obtained  in  both  the  potentiometric  and  tlie  cryoscopic  titrations  of  the  complex 
acid  with  pyridine,  and  also  the  analysis  results,  indicate  that  the  complex  acid  adds  one  mole  of  pyridine. 

The  complex  SnCl4  •  2CH3COOH  •  C5II5N  is  a  colorless  crystalline  substance,  relatively  stable  In  the  air, 
difficultly  soluble  in  benzene  and  in  alcohol,  and  readily  soluble  in  water.  First  the  liberation  of  acetic  acid, 
and  then  the  appearance  of  a  sublimate  was  observed  when  the  complex  was  heated. 

Analysis  of  sublimate. 

Found  *70:  Sn  27,52,  26.30,  27.65,  27.30;  Cl  32.06,  33.19,  33.94,  33.44,  33.60.  SnCl4  •  2C5H5N. 
Calculated  Sn  28,53;  Cl  33.87, 
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From  the  analysis  data  it  can  be  seen  that  the  thermal  decomposition  of  the  complex  SnCl4  •  XHsCCXDH  • 

•  C5H5N  results  in  the  pyridine  displacing  the  acetic  acid  from  the  inner  sphere  of  the  complex  acid  with  the 
formation  of  the  complex  SnCl4  •  2C5H5N, 

3,  System  SnCl4  *  2CH3CCX3H-C(;H5NH2,  The  same  as  in  the  preceding  system,  the  components  also  re¬ 
acted  vigorously  in  this  case,  with  the  evolution  of  heat  and  the  formation  of  a  precipitate.  The  results  obtained 
in  analyzing  the  precipitates  are  given  below. 

When  the  components  were  mixed  in  a  1;2  ratio; 

Found  %  Sn  25,57,  24,70,  25.65;  Cl  29.19,  29.90,  30.00. 

When  the  components  were  mixed  in  a  1:1  ratio; 

Found  %  Sn  24.15,  23.28,  23,20,  23.89,  23.62,  24.24,  23.68;  Cl  33,73, 

33.82,  33.35,  SnC^  •  2CH3COOH  •  CgHsNIlz.  Calculated  Sn  25.05;  Cl  29.93. 
SnCl4  •  2CH3COOH  •  2C6H5NII2.  Calculated  ‘7o;  Sn  20.93;  Cl  25.97, 

The  analysis  results  indicate  that  the  precipitate  obtained  from  the  1;2 
mixture  is  the  complex  SnCl4  •  2CII3COOH  •  C6H5NH2,  while  the  product  ob¬ 
tained  from  the  1:1  mixture  is  apparently  the  same  compound,  but  containing 
the  solvolysis  product  (C6H5NH3)2SnCl6  as  impurity. 

The  results  of  the  cryoscopic  titration  of  the  complex  acid  SnCl4*2CH3CC)OH 
with  aniline  are  shown  in  Fig.  12,  From  Fig.  12  it  can  be  seen  that  as  aniline  is 
added  to  the  benzene  solution  of  the  complex  acid  the  depression  drops  due  to 
the  deposition  of  the  complex  in  the  precipitate,  reaches  its  minimum  value  at 
50  mole'Vo,  and  then  rises  sharply.  Such  a  relationship  between  the  depression 
and  the  composition  indicates  the  formation  of  the  complex  SnCl4  •  2CH3COOH  • 

•  C(;Il5Nll2,  similar  to  the  complex  with  pyridine.  The  complex  SnCl4  • 

•  2CH3COOH  •  C6H5Nri2  is  relatively  stable  in  the  air,  is  difficultly  soluble  in 
benzene  and  in  alcohol,  and  is  readily  soluble  in  water. 

The  liberation  of  aeetic  acid  and  the  formation  of  a  sublimate  were  also  observed  when  this  complex  was 
subjected  to  thermal  decomposition,  Tlic  analysis  results  for  the  sublimate  are  given  below. 

Founds  Sn  24.82,  24.68,  24.30;  Cl  29.79,  30.51,  30.78.  SnC^  •  2CGH5NH2.  Calculated  *70:  Sn  26.58; 

Cl  29.93. 

The  analysis  results  obtained  for  the  sublimate  indicate  that  the  thermal  decomposition  of  the  complex 
SnCl4  •  2CM3COOII  •  CGn5NH2  leads  to  the  aniline  displacing  the  acetic  acid  from  the  inner  sphere  of  the  com¬ 
plex  and  the  formation  of  the  compound  SnCl4  •  2CGH5NH2. 

4,  System  SnCl^  •  2CH3COOH-CgHi;N.  Reaction  of  the  complex  acid  with  piperidine  went  with  the  evo¬ 
lution  of  heat,  and  resulted  in  the  deposition  of  complexes  in  the  precipitate.  The  analysis  results  for  the  ob¬ 
tained  precipitates  are  given  below. 

When  the  components  were  mixed  in  a  1:2  ratio; 

Found  70:  Sn  21.71,  21.23;  Cl  26.09,  26.16,  SnC^  •  XH3COOH  •  2C5H11N.  Calculated Sn  21.55; 

Cl  25.74. 

When  the  components  were  mixed  in  a  1:1  ratio; 

Found  ‘7o:  Sn  25.61,  25.36;  Cl  30.26,  30.46,  29.59,  SnCl4  •  2CH3COOH  ‘CgHnN.  Calculated  %  Sn 
25.54;  Cl  30.52. 

The  analysis  data  obtained  for  the  precipitates  indicate  that  the  complex  acid  reacts  with  piperidine  to 
form  the  complexes  SnCl4  •  2CH3COOH  •  2C5H11N  and  SnCl4  •  2CH3CCX)H  •  CgHjiN, 

The  results  of  the  cryoscopic  titration  of  the  complex  acid  SnCl4  •  2CH3COOH  with  piperidine  are  shown 
in  Fig,  13.  An  examination  of  this  graph  reveals  that  as  piperidine  is  added  to  a  benzene  solution  of  the  com¬ 
plex,  the  depression  drops  quite  rapidly  at  the  start,  then  shows  some  retardation  as  the  equimolecular  composition 


Fig.  13.  Curves  for  the 
cryoscopic  titration  of 
SnCl4  *  2CII3COOH  with 
piperidine. 
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is  appioached ,  after  which  the  depression  again  drops  sharply  and  then,  begir.ning  with  33  mole^o  of  the  complex 
acid,  it  rises  steadily.  This  behavior  of  the  depression  is  linked  with  the  formation  of  the  two  complexes 
SnCl^-  2CH3COOH'  2C5i!iiN  and  SnCl4-  2CH3COOH-  CsHuN.  which  deposit  in  the  precipitate. 

Consequently,  based  on  the  analysis  data  and  the  results  of  the  cryoscopic  titration,  we  came  to  the  Con¬ 
clusion  that  the  complex  acid  adds  either  one  or  two  molecules  of  piperidine  in  the  outer  sphere. 

The  complexes  SnCl4  •  2CH^COOH  •  2C5H11N  and  SnCl4  •  2CH3COOH  •  CjHuN  are  crystalline  compounds, 
difficultly  soluble  in  organic  solvents.  The  complex  SnCl4  •  2CH3COOH  •  CsHuN  melts  with  decomposition  at 
194*,  while  the  complex  SnCl4  •  2CII3COOH  •  2C5H14N  melts  without  decomposition  at  144*,  changing  to  an  ex¬ 
tremely  viscous,  clear  liquid. 


DISCUSSION  OF  RESULTS 

A  cryoscopic  study  of  the  reaction  of  the  complex  acids  SnCl4  •  2CH3COOH  and  SnCl4  •  2C6H^OOH  with 
oxonium  bases  (CH3COOH,  CH^CICOOH,  CCI3COOH,  C5H5COOH,  and  CgHjOH)  confirmed  both  the  earlier-ob¬ 
tained  data  relating  to  the  physicochemical  analysis  of  the  liquid  phase  of  these  systems  and  our  conclusions  re¬ 
garding  the  formation  of  the  mixed  complexes  SnCl4  •  2RCOOH  •  B  (where  B  is  the  oxonium  base  m.olecule),  in 
which  different  addenda  are  contained  in  the  inner  and  outer  spheres. 

The  reaction  of  aniline,  pyridine,  and  piperidine  with  the  complex  acid  SnCl4  •  2CH3CC)OH  gave  mixed 
complexes,  which  appear  as  intermediate  products  in  the  reaction  for  the  displacement  of  carboxylic  acids  from 
the  inner  sphere  of  the  complex  acid  SnCl4  •  2CH3COOH.  This  displacement  reaction  once  again  demonstrates 
the  factthatcarboxylic  acids,  being  amphoteric  compounds,  function  as  bases  toward  stannic  chloride,  since  they 
arc  displaced  by  stronger  organic  bases  (pyridine,  piperidine,  aniline).  Here  the  stannic  chloride  functions  as  an 
acid  toward  these  compounds. 


SUMMARY 

1,  A  cryoscopic  study  was  made  of  the  systems  formed  by  the  complex  acids  SnCl4  •  2CH3COOH  and 
SnCl4  •  2C6HsCOOII  with  oxonium  bases  (CH3COOH,  CH2CICOOH,  CCI3COOH,  CcHgCOOH,  and  CgHgOH),  Pre¬ 
vious  data  on  the  formation  of  mixed  complexes  of  type  SnCl4  •  2RCOOH  •  B  (where  B  is  the  base  molecule)  were 
confirmed, 

2,  The  reactions  for  the  formation  of  complexes  between  SnCl4  •  2CH3COOH  and  pyridine,  piperidine,  and 
aniline  were  examined.  Here  the  existence  of  complexes  of  type  SnCl4  •  2CH3COOH  •  B  was  established,  and  in 
the  case  of  piperidine,  also  of  SnCl4  •  2CH3COOH  •  2B, 

It  was  shown  that  the  thermal  decomposition  of  these  complexes  leads  to  the  organic  base  displacing  the 
acetic  acid  from  the  inner  sphere  of  the  complex  with  the  formation  of  complexes  of  the  type  SnCl4  •  2B. 
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Complexes  of  stannic  chloride  and  bromide  with  dicarboxyllc  acids  and  their  esters  of  composition  SnCl4*  A 
are  described  in  the  literature  [1-5).  Hieber  and  co-workers  [3-5]  came  to  the  conclusion  that  these  complexes 
have  the  following  structure: 

no  on 

I  I 

0=C-(CIl2),-C--0 

/ 

Cl<Sn  'SnCI^ 

'0=C-(Cll2),-C=0' 

I  r 

on  on 


It  is  possible  to  assume  that  not  only  dicarboxylic  acids  and  their  esters  but  also  other  organic  compounds 
containing  two  C  =  0  or  -COC—  groups  are  capable  of  giving  complexes  with  a  dimeric  structure  when  reacted 
with  tin  and  titanium  halides.  In  connection  with  such  an  assumption,  we  decided  to  reinvestigate  the  reaction 
of  titanium  and  tin  halides  with  quinone,  dioxane,  2-furaldehyde,  and  diethyl  oxalate. 

The  reaction  of  stannic  chloride  with  quinone  was  studied  by  K.  Meyer  [6);  he  Isolated  a  complex  com¬ 
pound  from  the  benzene  solutions,  to  which  he  assigned  the  composition  SnCl4  •  C6H4OJ  •  CgHg,  Such  a  composi¬ 
tion  for  the  compound  does  not  seem  very  probable  to  us  for  the  following  reasons.  It  is  known  that  stannic  chlo¬ 
ride  does  not  react  with  benzene  [7],  but  readily  reacts  with  quinone,  the  latter  being  an  oxygen-containing  com¬ 
pound  with  definite  basic  properties.  For  this  reason  it  is  difficult  to  see  benzene  adding  to  stannic  chloride  in 
the  presence  of  excess  quinone.  We  postulated  that  the  complex  of  stannic  chloride  with  quinone,  the  same  as 
the  complex  of  stannic  chloride  with  diethyl  oxalate  [5,8],  has  the  empirical  composition  SnCl4  •  A,  and  that 
both  of  these  complexes  exist  as  the  dimer. 

The  complex  of  stannic  chloride  with  2-furaldehyde  of  composition  SnCl4  *  2C6H4O2  was  obtained  by 
Pfeiffer  [9],  As  far  as  we  know,  the  complexes  of  stannic  bromide  and  titanium  tetrachloride  with  2-furaldehyde 
are  not  described  in  the  literature.  Complexes  of  stannic  chloride  and  bromide  with  dioxane  having  a  1:2  com¬ 
position  were  isolated  by  Rheinboldt  and  Boy  [10],  The  1:1  complex  of  titanium  tetrachloride  with  dioxane  of 
composition  TiCl4  •  C4H8O2  has  been  reported  [11],  On  the  basis  of  a  crysocoplc  study  of  the  system  TICI4  — 
-C4H8O2,  one  of  us  [12]  also  came  to  the  conclusion  that  the  complex  TiCl4  •  C4H8O2  exists  and,  in  addition  to 
this,  isolated  the  crystalline  complex  TiCl4  •  2C4H8O2,  The  latter  compound  was  also  obtained  later  by  O,  Osipov 
and  co-workers  [13],  These  authors  measured  the  dipole  moment  of  TiCl4  in  dioxane,  which  proved  to  be  equal 
to  3.48  D. 


EXPERIMENTAL 

The  stannic  chloride  and  bromide,  and  also  the  titanium  tetrachloride,  were  purified  by  the  earlier-de¬ 
scribed  method  [14],  The  stannic  chloride  had  b.p.  109*  (695  mm),  the  stannic  bromide  had  b.p,  198*  (195  mm), 
and  m.p.  29,0*,  and  the  titanium  tetrachloride  had  b.p.  132,5*  (699  mm).  The  collected  fractions  were  distilled 
into  ampoules  [15],  The  dioxane  was  dried  over  calcined  CaCl2  and  then  purified  by  repeated  distillation;  the 
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Fig,  1,  Dependence  of  the  de¬ 
pression  (I)  and  molecular 
weight  (II)  on  composition  of 
the  system  SnCl^— (In 
mole'yo)  In  p-dlchlorobenzene. 


fraction  boiling  at  98*  (693  mm)  was  collected,  m.p.  10.8*.  The  2- 
-furaldehyde  (c.p.)  was  distilled  tv^ice.  The  quinone,  obtained  by  the 
oxidation  of  hydroquinone  with  a  mixture  of  sodium  dichromate  and  sul¬ 
furic  acid,  was  purified  by  sublimation,  and  had  m.p,  116*.  The  diethyl 
oxalate  was  dried  over  ignited  copper  sulfate,  and  then  was  purified  by 
repeated  distillation.  The  fraction  boiling  at  179,2*  (693  mm)  was  col¬ 
lected,  The  benzene  was  purified  in  conventional  manner  and  then  was 
fractionally  frozen,  m.p.  -5,5*,  The  p-dichlotobenzene  was  purified  by 
repeated  distillation,  m.p.  63,0*. 

1,  System  stannic  chloride—  quinone.  In  the  same  manner  as 
K.  Meyer  [6],  we  isolated  the  complex  of  stannic  chloride  v/ith  quinone 
from  benzene  solutions.  When  SnCl4  was  mixed  with  quinone  In  benzene 
solution,  the  solution  turned  red,  and  after  some  time  handsome  red  crys¬ 
tals  deposited  from  it.  The  crystals  were  suction- filtered  from  the  mother 
liquor, using  a  porous  glass  filter,  then  washed  well  with  benzene,  followed 
by  drying  in  a  vacuum-oven  over  P2O5,  The  obtained  complex  proved  to 
be  extremely  unstable,  and  on  drying  it  lost  its  crystalline  structure, 
changing  to  a  yellow-green  powder.  Consequently,  to  avoid  changing 
the  composition  of  the  complex,  we  proceeded  In  the  following  manner; 
Mixtures  of  stannic  chloride  with  quinone  in  benzene  solution  were  pre¬ 
pared  using  1  mole  of  SnCl^  per  mole  of  quinone, and  per  2  moles  of 
quinone;  the  obtained  precipitates  were  separated  from  the  mother  liquor 
and  then  washed  rapidly  with  cold  benzene  in  a  special  apparatus  [3], 

Then  the  precipitate  was  transfened  to  a  100- ml  volumetric  flask,  fol¬ 
lowed  by  the  addition  of  water  up  to  the  mark.  The  filtrate  and  rinse 
liquor  were  combined  in  another  100- ml  volumetric  flask,  and  the  volume 
was  made  up  to  the  mark  with  benzene.  The  obtained  solutions  were 
analyzed  for  tin,  chlorine,  and  quinone,  and  the  molar  ratio  SnCl4:C6H4Pj 
in  the  filtrate  and  in  the  precipitate  was  calculated  from  the  analysis  data. 
In  the  case  of  the  1;1  mixture,  the  molar  ratio  in  the  filtrate  was  equal  to 
0.980,  and  in  the  precipitate  it  was  equal  to  0,985,  while  in  the  case  of 
the  1:2  mixture  the  molar  ratio  was  0,260  In  the  filtrate  and  0,989  in  the 
precipitate.  From  this  data  it  can  be  seen  that  excess  quinone  is  present 
in  the  filtrate  from  the  1:2  mixture,  while  the  solid  phase  corresponds  to 
the  complex  with  an  equimnlccular  composition.  In  the  case  of  the  1;1 
mixture,  the  molar  ratio  SnCl4:CeH402  in  both  the  filtrate  and  the  pre¬ 
cipitate  corresponds  to  the  composition  of  the  1:1  complex.  We  also 
isolated  the  complex  SnCl4  •  C(;H402  from  other  solvents  (toluene,  chloro¬ 
form,  and  carbon  tetrachloride), 

Tlie  results  of  a  cryoscopic  study  of  the  system  SnCl4—  CSH4O2,  made 
in  p-dichlorobenzene,  are  plotted  in  Fig,  1,  From  this  graph  it  can  be 
seen  that  as  quinone  is  added  to  a  solution  of  stannic  chloride  in  p-di- 
chlorobenzcne,  up  to  50  mole'Jo the  depression  drops,  and  then  it  rises. 

At  the  equivalence  point, the  depression  is  equal  to  one-half  of  the  ori¬ 
ginal;  this  indicates  that  two  molecules  of  stannic  chloride  are  tied  up 
in  forming  the  complex  with  the  equimolecular  composition.  The  curve  for  the  dependence  of  the  molecular 
weight  on  the  composition  passes  through  a  single  maximum,  found  at  50  01016*70,  The  molecular  weight  at  the 
singular  point  corresponds  to  a  value  of  725,  The  formula  molecular  weight  for  the  monomer  is  368,65,  and  for 
the  dimer  it  is  737,30, 

Consequently,  both  the  results  of  a  cryoscopic  study  of  the  system  and  the  analysis  data  Indicate  that  the 
equimolecular  complex,  represented  by  the  (SnCl4  •  C(;H402)2,  is  formed  in  the  system. 


Fig.  2,  Curve  for  the  cryoscopic 
titration  of  TiCl4  with  quinone 
In  benzene. 
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Fig.  3,  Cryoscopic  titration 
of  SnCl4  with  2-furaldchyde 
(I)  and  the  reverse  (II)  in 
benzene  solution. 


M 


Fig,  4,  Curve  for  the  cryo¬ 
scopic  titration  of  2-furalde- 
hyde  with  stannic  bromide  in 
benzene  solution. 


2,  System  stannic  bromide- quinone.  We  attempted  to  isolate  the 
complex  of  stannic  bromide  with  quinone  from  benzene  solutions,  A  gradu¬ 
al  change  in  the  color  from  light-  to  dark-brown  was  observed  when  benzene 
solutions  of  stannic  bromide  and  quinone  (in  the  ratios  1:1  and  1:2)  were 
mixed.  Precipitates  deposited  from  the  solutions  on  standing,  and  changed 
when  washed  with  benzene,  and  for  this  reason  we  were  unable  to  analyze 
them. 

A  cryoscopic  study  of  the  system  stannic  bromide— quinone,  made  in 
o-nitrochlorobcnzene  (m.p,  32*),  revealed  that  reaction,  progressing  with 
time,  takes  place  in  this  system.  These  data  also  indicate  that  stannic  bro¬ 
mide  reacts  with  quinone ,  but  they  do  not  make  it  possible  to  judge  the 
composition  of  the  compound  formed. 

3.  System  titanium  tetrachloride- quinone.  We  observed  substantial 
heat  evolution  and  the  formation  of  a  dark- red  precipitate  when  a  benzene 
solution  of  titanium  tetrachloride  was  mixed  with  a  benzene  solution  of 
quinone.  This  compound  also  proved  to  be  unstable,  the  same  as  the  com¬ 
pounds  of  the  stannic  halides  with  quinone.  In  establishing  the  composition 
of  the  complex  of  titanium  tetrachloride  with  quinone ,  we  limited  ourselves 
to  determining  the  molar  ratio  TiCli:C6H402  in  the  precipitates.  The  results 
of  analyzing  the  precipitates  revealed  that  when  equimolar  amounts  of 
TiCl4  and  quinone  are  mixed  in  eitlier  benzene  or  CCI4  solution,  the  ratio 
TiCl4:C6H402  proved  to  be  equal  to  1.013,  0.916,  and  0.970,  and  when  one 
mole  of  TiCht  was  mixed  with  two  moles  of  quinone,  the  ratio  was  0,976, 
0.980,  and  0.971.  Consequently,  these  data  indicate  that  the  compound 
TiCl4  •  CCH4O2  is  formed  when  TiCl4  is  mixed  with  quinone.  On  the  basis 
of  the  cryoscopic  measurements  a  diagram  was  obtained  expressing  the  de¬ 
pendence  of  the  depression  on  the  composition  (Fig,  2).  From  Fig,  2  it  can 
be  seen  that  as  constantly  increasing  amounts  of  quinone  are  added  to  a  solu¬ 
tion  of  TiCl4  in  benzene  the  depression  drops  up  to  50  mole^'J,  and  then  it 
rises  sharply.  The  depression  drop  is  caused  by  a  deposition  of  the  formed 
compound  in  the  precipitate.  The  shape  of  the  depression  curve  indicates 
that  the  equimolecular  compound  of  composition  TiCl4  •  C6H4O2  is  formed. 
The  value  of  the  depression  (At  0.05*)  at  the  point  corresponding  to  the  com¬ 
position  of  this  compound  indicates  some  solubility  of  the  compound  in  ben¬ 
zene. 


4,  System  stannic  chloride- 2-furaldehyde.  Finely  crystalline  pre¬ 
cipitates  were  obtained  when  stannic  chloride  was  mixed  with  2-furaldehyde 
in  benzene  solution  (in  the  ratios  of  1  mole  of  SnCl4  per  mole  of  C5H4P2  and 
1  mole  of  SnCl4  per  2  moles  of  C5H4O2),  Both  chemical  analysis  and  the 
cryoscopic  determination  of  the  molecular  weights  of  the  precipitates  in 
CH3COOH  revealed  that  in  the  case  of  both  the  1:1  and  1:2  mixtures  only 
one  complex,  SnCl4  •  20511402,  is  formed,  already  described  by  Pfeiffer  [9], 
The  results  of  a  cryoscopic  study  of  the  system  50014-0511402,  conducted  In 
benzene,  are  represented  in  the  form  of  a  depression— composition  diagram 
(Fig.  3),  From  Fig.  3  it  can  be  seen  that  as  SnOl4  is  added  to  a  benzene 
solution  of  2-furaldehyde  (and  the  reverse)  the  depression  drops,  because  of 
the  deposition  of  the  formed  compound  in  the  precipitate,alltheway  upto33 
mole%  SnOl4.  The  shape  of  the  curve,  expressing  the  dependence  of  the  de¬ 
pression  on  the  composition,  and  also  the  singular  point,  found  at  33  mole% 
SnCl4,  both  testify  to  the  formation  of  the  compound  SnCl4  •  2C5H4O2  (sub¬ 
limes  at  150*),  and  do  not  give  any  indications  of  the  existence  of  the  1:1 
compound. 
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Fig.  5,  Curve  for  the  cryo- 
scopic  titration  of  TiCl4 
with  2-furaldchyde  in  ben¬ 
zene  solution. 


5.  System  stannic  bromide— 2-furaldchyde.  Tlie  complex  of  stannic 
bromide  with  2-furaldehyde  was  obtained  in  similar  manner.  The  reactioa 
between  stannic  bromide  and  2-furaldehyde  was  accompanied  by  some  evo¬ 
lution  of  heat,  but  less  than  In  the  case  of  SnCl4.  The  obtained  precipitate* 
were  waslied  with  benzene  and  then  dried  in  a  vacuum-oven  over  CaClj,  after 
which  they  were  analyzed.  The  results  of  analyzing  the  precipitates  obtained 
on  mixing  the  components  are  given  below, 

1:2  Ratio.  Found  <7^.  Sn  18.56,  18.58,  18.67,  18.40;  Tr  51.10,  50.35, 
50.95,  50,63.  SnBr4  •  2C5M4O2.  Calculated  Sn  18,82;  Br  50.69. 

1:1  Ratio,  Found  lo:  Sn  18,54,  18.73,  18,75,  18.75;  Br  50.33,50.82, 
50.67,  50.10.  b*.  618,  612  (in  acetic  acid).  SnBr4  •  C5H4O2,  Calculated 
Sn  22.21;  Br  59.81.  M  534.44.  SnBr4  •  2C5H4O2.  Calculated  M  630.52. 

Doth  the  analysis  of  the  precipitates  and  the  cryoscopic  determination 
of  the  molecular  weights  indicate  that  the  compound  SnBr4  •  2C5H4O2  is  forn?ed 
when  stannic  bromide  and  2-furaldehyde  are  mixed  In  the  proportions  1:1  and 
1;2,  The  curve  for  the  cryoscopic  titration  of  2-furaldehyde  with  stannic 
bromide,  passing  tluough  a  singular  point  at  33  mole‘7o  SnDr4,  is  shown  in 
Fig.  4.  The  same  as  in  the  case  of  stannic  chloride,  we  failed  to  obtain  any 
indications  of  the  formation  of  the  equimolecular  compound.  The  compound 
SnBr4  •  2C5H402  is  difficultly  soluble  in  organic  solvents,  deliquesces  in  the 
air,  and  melts  (sublimes)  at  117“, 

6.  System  titanium  tetrachloride— 2-furaldehyde,  The  complex  of 
TiCl4  with  2-furaldehyde  was  also  isolated  from  benzene  solutions,  where  the 
TiCl4  and  2-furaldehyde  were  taken  in  the  proportions  1  mole  of  TiCl4  per 
mole  of  2-furaldehyde  and  1  mole  of  TiCl4per  2  moles  of  C5H402*  Much 
evolution  of  heat  and  the  deposition  of  yellow  precipitates  was  observed  on 
mixing  the  components.  Analysis  of  the  precipitates  depositing  from  the  1:2 
mixture  gave  the  following  results. 


Found  <7o:  Tl  12.49,  12.67,  12.64,  12.27;  Cl  36.80,  36.63,  36.94.  TiCl4 
12.54;  Cl  37.13. 


2C5H4O2,  Calculated  ’’Jo-,  Tl 


The  analysis  results  obtained  for  the  precipitates  indicate  that  TiCl4  reacts  with  2-furaldehyde  to  form  the 
compound  TiCl4  •  2C5H4O2,  Analysis  of  the  precipitates  depositing  from  the  1:1  mixture  revealed  that  this  pre¬ 
cipitate  also  is  the  compound  TiCl4  *  2C5H4O2,  which  suffered  partial  hydrolysis  because  of  the  long  washing, 
needed  to  remove  the  excess  unreacted  TiCl4,  'Hie  results  of  a  cryoscopic  study  of  the  system  TiCl4— C5H4O2  arc 
plotted  in  Fig.  5,  'fhe  shape  of  the  depression  curve  testifies  to  the  fact  that  the  depression  drops  as  2-furalde¬ 
hyde  is  added  gradually  to  a  benzene  solution  of  TiCl4,  becomes  equal  to  zero  at  33  mole%  TiCl4,  and  then 
rises  sharply.  The  value  of  the  depression  at  the  equivalence  point  indicates  that  the  formed  compound  is  practi¬ 
cally  insoluble  in  benzene, 

T’he  complex  TiCl4  *  2C5H4O2  sublimes  at  120*  without  melting,  is  insoluble  in  benzene,  toluene,  xylene, 
and  CCI4,  and  is  soluble  in  acetic  acid. 

7.  System  stannic  chloride— dioxanc.  The  complexes  of  SnCl4  with  dioxane  were  obtained  by  adding  di- 
oxane  to  a  benzene  solution  of  SnCl4  (in  the  molar  ratios  1:1  and  1:2),  Much  evolution  of  heat  and  the  formation 
of  precipitates  was  observed  when  the  solutions  were  mixed.  Analysis  of  the  precipitates  gave  the  following  re¬ 
sults. 


1:2  Mixture.  Found ‘Tlr.  Sn  30.31,  28.72,  29.20,  27.60,  27.53,  27.57,  30.89,  30.35,  30.48;  Cl  32.64,  32.71, 
32.62,  32.77,  32.70,34.97,34.77,34.69.“  SnCl4  *  2C4H8O2.  Calculated ‘7':  Sn  27.18;  Cl  32.47. 

1:1  Mixture.  Found  Sn  29.90,  27.60,  27.50;  Cl  30.05,  30.69,  30.61,  SnCl4  •  C4Hg02,  Calculated  loi 
Sn  34.05;  Cl  40.68. 


“The  Cl  content  was  determined  only  in  those  precipitates  containing  approximately  27,5®7«.tln, 
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Fig,  6,  Cryoscopic  titration  of 
SnCl4  with  dioxane  (I)  and  the  re¬ 
verse  (11)  in  p-dichlorobenzcne 
solution. 
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Fig.  8,  Curve  for  the  cryo¬ 
scopic  titration  of  TiCl4  with' 
dioxane  in  benzene  solution. 


Fig,  7.  Curves  for  the  cryoscopic 
titration  (I  and  II)  of  dioxane 
with  stannic  bromide  in  benzene 
solution. 
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Fig,  9,  Dependence  of  the  de¬ 
pression  (I  and  n)  and  molec¬ 
ular  weight  (in)  on  composi¬ 
tion  of  the  system  SnCl4’" 

—  (CO(X2H5)j  (in  mole*^)  in 
benzene  solution. 
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From  the  analysis  results  it  can  be  seen  that  in  some  cases  the  amount  of  tin  and  chlorine  In  the  precipitates 
almost  agrees  with  that  calculated  for  the  1:2  compound,  while  in  other  cases  the  amount  of  tin  in  the  precipitates 
fluctuates  between  that  calculated  for  the  amount  of  tin  in  the  1:1  and  1:2  compounds.  These  data  Indicate  that 
apparently  the  compounds  SnCl^  •  2C4H8O2  and  SnCl4  •  C4H8O2  are  formed  when  stannic  chloride  reacts  v^ith  dl- 
oxanc.  The  results  of  analyzing  the  sublimed  precipitates  are  given  below. 

Found  Sn  27.02,  26.77,  27.15;  Cl  32.17,  32.50,  32.40.  M  423  ,  428  ,  433  (in  acetic  acid).  SnCl4  • 

•  2C4H8O2.  Calculated  7^:  Sn  27.18;  Cl  32.47,  M  436.73. 

Beth  the  chemical  analysis  data  and  the  molecular  weight  determination  of  the  subiimate  testify  to  the  fact 
that  the  sublimate  is  the  compound  SnCl4  •  2C4II3O2,  previously  described  by  Rheinboldt  and  Boy  [10], 

The  results  of  a  cryoscopic  study  of  tlie  system  SnCl4— C4II8O2,  made  in  p-dichlorobcnzene  solution,  are 
shown  in  Fig,  6  in  the  form  of  a  depression- composition  diagram.  An  examination  of  Fig,  6  reveals  that  as  dl- 
oxane  is  added  to  a  solution  of  stannic  chloride  (or  the  reverse)  in  p- dichlorobenzene,  the  depression  drops  up  to 
50  mole‘7'>,  and  then  it  rises  sharply.  The  curves  for  the  change  in  the  depression  are  characterized  by  a  singular 
point,  corresponding  to  the  equiinolccular  ratio  of  the  components,  i.e.,  to  the  composition  of  the  compound 
SnCl4  •  C4H8O2,  The  value  of  the  depression  (At  0.06“)attheequivalencepoint  Indicates  that  the  complex 
SnCl4  •  C4II3O2  is  very  slightly  soluble  in  p-dichlorobenzene. 

As  a  result,  based  on  the  analysis  data  and  the  cryoscopic  measurements,  w'e  come  to  the  conclusion  that 
the  compounds  SnCl4  *  2C4H8O2  and  SnCl4  •  €411802  are  forined.  Both  compounds  arc  white  crystalline  powders, 
practically  insoluble  in  benzene,  toluene,  and  xylene,  and  soluble  in  acetic  acid  and  dioxane. 

8,  System  stannic  bromide— dioxane.  The  complexes  of  stannic  bromide  with  dioxane  were  obtained  by 
mixing  benzene  solutions  of  stannic  bromide  and  dioxane  (taken  in  the  molecular  ratios  1;1  and  1:2),  Analysis 
of  the  precipitates  revealed  that  the  sajr.e  compound  SnBr4  *  2C4H8O2,  previously  obtained  by  Rlieinboldt  and  Boy 
[10],  was  formed  in  both  cases, 

A  crystalline  product  was  obtained  when  stannic  bromide  and  dioxane,  taken  in  a  1:1  ratio,  were  mixed  In 
the  absence  of  a  solvent. 

Found  7^^  Sn  21,71,  21.61,  21,73,  21,62;  Br  59,16,  SnBr4  •  C4H8O2.  Calculated  7?  Sn  22,54;  Br  60,72, 

The  analysis  data  indicate  that  the  obtained  substance  is  the  compound  SnBr4  •  C4H8O2. 

The  results  of  the  cryoscopic  study  of  the  system  SnBr4— C4H8O2  are  shown  in  Fig,  7,  from  which  it  can  be 
seen  that  as  stannic  bromide  is  added  to  a  benzene  solution  of  dioxane  the  depression  drops  in  one  case  clear  up 
to  33  mole'/o  SnBr4  (Curve  I),  and  in  the  other  case  it  drops  up  to  50  moloPjo  (Curve  II),  after  which  it  rises.  The 
value  of  the  depression  atihecquivalenccpoints  indicates  that  the  1;2  compound  is  less  soluble  In  benzene  than 
tlie  1:1  compound. 

As  a  result,  our  data  indicate  that  stannic  bromide  also  reacts  with  dioxane  to  form  two  compounds: 

Snnr4  *  2C4H8O2  and  SnBr4  •  C4H8O2,  Tlicse  compounds  are  crystalline  substances  that  show  slight  solubility  in 
organic  solvents, 

9,  System  titanium  tetrachloride—  dioxane.  The  complexes  of  titanium  tetrachloride  with  dioxane  were 
obtained  in  the  cold  from  benzene  solutions,  A  pale  yellow  crystalline  product  was  isolated  from  the  1:1  mix¬ 
ture,  which  during  the  process  of  washing  and  drying  turned  white  and  deliquesced,  For.tliis  reason  we  did  not 
analyze  the  product.  Analysis  of  the  precipitate  isolated  when  the  components  were  mixed  in  a  1:2  ratio  gave 
the  following  results. 

Found  7o:  Ti  13.23,  13,29,  13.42;  Cl  38,16,  38.24,  38.29.  TiCl4  •  2C4H3O2.  Calculated  7>:  Ti  13.09; 

Cl  38.75. 

The  analysis  data  indicate  that  the  reaction  of  titanium  tetrachloride  with  dioxane  yields  the  compound 
TiCl4  *  2C4H8O2,  This  compound  is  insoluble  in  benzene,  xylene,  toluene,  and  CCI4,  and  is  soluble  in  acetic 
acid;  it  sublimes  at  170*. 

The  results  of  the  cryoscopic  study  of  the  system  TiCl4— €411302  are  shown  in  Fig,  8,  Tlie  curve  for  the  de¬ 
pendence  of  the  depression  on  the  composition  is  characterized  by  a  singular  point,  corresponding  to  the 
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cqiiimolccular  ratio  of  the  components,  i,e,,  to  the  compound  TiCl4  •  C4Hg02.  The  absence  of  a  depression  at 
the  equivalence  point  indicates  that  the  compound  TiCl4  •  C4Hg02  is  practically  insoluble  in  benzene.  As  a  result, 
we  come  to  the  conclusion  that  in  the  system  TiCl4— C4H802,  the  same  as  in  the  systems  SnCl4— C4Hg02  and 
SnDr4~C4Hg02,  two  compounds  are  formed:  TiCl4  •  2C4H802  and  TiCl4  •  C4Hg02« 

10,  System  stannic  chloride— diethyl  oxalate.  The  equimolecular  compound  of  stannic  chloride  with  di¬ 
ethyl  oxalate  was  first  obtained  by  Lewy  [8j,  Later,  N.  S.  Kurnakov  and  N.  K,  Voskresenskaya  [2]  confirmed  the 
composition  of  this  compound  by  the  fusion  diagram,  ^ 

We  made  a  cryoscopic  study  of  the  system  SnCl4-(COOC2H5)2  in  benzene  solution.  These  results  are  shown 
in  Fig.  9,  from  which  It  can  be  seen  that  as  stannic  chloride  is  added  to  diethyl  oxalate,. or  the  reverse,  the  de¬ 
pression  drops  up  to  fiO  111010*70,  and  then  it  rises.  This  type  of  behavior  for  the  depression  indicates  the  formation 
of  the  equimolecular  compound,  A  singular  point,  corresponding  to  the  equimolecular  compound,  is  found  on 
the  molecular  weight- composition  diagram.  The  value  of  the  molecular  weight  at  the  singular  point  is  approxi- 
maiely  805.  The  formula  molecular  weight  for  the  monomer  is  406.08,  and  for  the  dimer  is  812,16.  As  a  result, 
from  these  data  it  follows  that  the  complex  with  a  1;1  composition  is  the  dimer  [SnCl4(CCXX32H5)2l  j. 

DISCUSSION  OF  RESULTS 

We  studied  the  reaction  of  the  halides  of  tetravalent  tin  and  titanium  with  quinone,  2-furaldchyde,  dioxane, 
and  diethyl  oxalate.  Here  we  established  that  SnCl4  and  TiC^  with  quinone,  dioxane,  and  diethyl  oxalate,  and 
also  SnBr,4  with  dioxane,  form  complexes  having  an  equimolecular  composition.  The  cryoscopic  measurements 
revealed  that  the  complexes  of  stannic  chloride  with  quinone  and  diethyl  oxalate  are  dimers.  The  structure  of 
the  dimers  can  be  depicted  in  the  following  manner: 


C^Sn'  S11CI4 

'o=c<^  \c=() 

llsCoO  OCJlr, 

‘1  I 

0=C-G  =  0^ 

CUSii'  ‘SiiCU 

I  I 

llgfV)  <10.21 1 6 

i.c.,  each  quinone  or  diethyl  oxalate  molecule,  manifesting  a  coordination  capacity  equal  to  2,  is  linked  to 
two  SnCl4  molecules. 

In  contrast  to  K.  Meyer  [6],  we  failed  to  obtain  any  indications  of  the  existence  of  the  compound  SnCl4  • 

•  CCH4O2  •  CgHf,,  containing  a  molecule  of  crystallization  benzene.  Apparently,  K.  Meyer  erroneously  assigned 
the  composition  SnCl4  *  C6H4O2  •  CgHg  to  the  complex  of  stannic  chloride  with  quinone.  This  error  was  probably 
incurred  by  K.  Meyer  for  the  reason  that  he,  the  same  as  we,  was  unable  to  avoid  decomposition  of  the  complex 
during  the  process  of  removing  the  benzene  from  it.  Therefore,  K.  Meyer, apparently  desiring  to  retain  the  crys¬ 
tals  unchanged,  failed  to  remove  all  of  the  benzene  from  the  complex. 

We  assume  that  the  1:1  compounds  of  TiCl4  with  quinone  and  of  SnCl4,  SnDr4,  and  TiClg  with  dioxane,  the 
molecular  weights  of  which  we  were  unable  to  determine ,  are  also  dimers  and  have  an  analogous  structure, 

2-Furaldehyde  does  not  exhibit  a  coordination  capacity  of  2  toward  the  halides  of  tin  and  titanium.  Com¬ 
pounds  of  composition  MeX4  *  2A  are  formed  when  2-furaldehyde  is  reacted  with  SnCl4,  SnBr4,  and  TiCl4.  In 
this  case,  the  absence  of  compounds  with  a  1:1  composition  is  probably  due  to  steric  hindrance,  since  in  2-furalde¬ 
hyde  the  oxygen  atoms  are  located  quite  close  to  each  other. 
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S  UMMARY 


1,  A  study  was  made  of  the  reaction  of  SnCl^,  SnBr4,  and  TiCl^  with  qulnone,  2-furaldehyde,  dloxane,  and 
diethyl  oxalate.  The  following  complexes  were  obtained;  (SnCl4  •  C6H402)2.  SnCl4(COOC2H5)2,  SnBr4  •  2C5H4P2» 
TiCl4  •  2C5H4O2,  SnCl4  •  C4H3O2.  SnBr4  •  C4H8O2,  and  TiCl4  •  2C4H8O2. 

2.  It  was  established  that  the  complexes  of  stannic  cliloride  with  quinone  and  with  diethyl  oxalate  having 
an  eqnimolecular  composition  are  dimers,  l.e.,  they  correspond  to  the  formula  (MeX4  •  A)2. 

The  theory  was  expressed  that  the  1:1  cotnplexes  of  SriCl4,  SnBr4,  and  TiCl4  with  dioxane  also  have  the 
dimeric  structure. 
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It  is  known  that  aiiabasine  has  a  high  physiological  activity,  but  its  use  in  pharmacological  practice  Is 
hindered  because  of  its  great  toxicity  [1],  We  feel  that  attempts  to  reduce  its  toxicity  should  be  directed  toward 
reducing  the  mobility  of  the  noncovalcnt  pair  of  electrons  on  the  nitrogen  atom  (replacement  of  the  hydrogen  on 
the  Nil  group:  acetylation,  alkylation,  acylamidation,  etc.).  For  this  reason  we  investigated  In  the  present  paper 
the  condensation  of  anabasine  with  chloroacctanilide,  which  led  to  obtaining  the  anilide  of  anabasylacetlc  acid. 
The  structure  of  this  anilide  was  established  on  the  basis  of  the  chemical  and  spectral  analysis  data  (see  scheme 
on  following  page). 


EXPERIMENTAL 

Condensation  of  anabasine  with  chloroacctanilide  in  anhydrous  alcohol.  Annbaslne  was  obtained  by  the 
method  given  in  [2]  (b.p.  107-110*  at  4  mm;  n^°D  1,5430,  d^'’20  1.0455),  Chloroacctanilide  was  prepared  by  a 
method  that  had  been  worked  out  by  one  of  us  [3]  (m.p,  134*), 
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Electronic  absorption  spectra  (in  the 
ultraviolet  region)  in  alcohol:  1)  total 
curve  (anabasine  +  acetanilide);  2) 
curve  of  the  condensation  product;  3) 
curve  of  acetanilide;  4)  curve  of  ana¬ 
basine;  5)  curve  of  chloroacetanilide. 


Amt,  of 

Amt.  of 

Yield  based 

anabasine 

chloro- 

Solvent  (in  ml) 

on  chloro- 

(in  g) 

acetanilide 

acetanilide 

(in  g) 

(in  %) 

10,4 

8 

Acetone,  50 

35 

10,4 

10 

Cone,  ammonia,  50 

57 

4,2 

6 

Pyridine,  40 

19 

7.2 

4.6 

Absolute  ether,  40 

55 

18.7 

14 

Petroleum  ether,  40 

55 

I  1  ^Ji^ -fCICHzCO-NH-CeHe 

'tN'' 


-HCI 


0 


N— CMa-CO-NH-Callj  . 


A  charge  of  10  g  of  chloroacetanilide,  8  ml  of  anabasine,  and  45  ml  of  anhydrous  alcohol  was  placed  in  a 
round -bottomed  flask,  fitted  with  a  reflux  condenser  and  mechanical  stirrer.  The  mixture  was  heated  on  the  water 
bath  for  5  hr.  The  alcohol  was  removed  by  distillation  under  reduced  pressure.  The  residue  was  dissolved  In  30 
to  40  ml  of  ice-cold  water,  and  then  it  was  treated  with  cold  20%  NaOH  solution  until  alkaline.  The  addition  of 
the  alkali  caused  the  formation  of  two  layers,  which  were  transferred  to  a  separatory  funnel.  The  organic  layer 
was  extracted  5-6  times  with  40- ml  portions  of  ether.  The  ether  extracts  were  combined  and  then  washed  3  times 
with  water  to  remove  unreacted  anabasine,  and  then  dried  over  fused  sodium  sulfate.  Orange  Crystals  deposited 
after  about  three-quarters  of  the  ether  had  been  distilled  off,  which  were  separated  and  recrystallized  from  a  mix¬ 
ture  of  water  and  alcohol,  m.p,  152-153*  (51%  yield).  The  compound  was  obtained  as  yellow  needles,  readily 
soluble  in  methanol,  ethanol,  and  benzene,  and  insoluble  in  water,  chloroform,  and  dioxane. 

Found  %.  C  72,51;  H  7,129;  N  13,88,  M  289,59,  CigHjiCNa.  Calculated  %:  C  72,28;  H  7,131;  N  14,21, 

M  295,18, 

When  the  obtained  anilide  of  anabasylacetic  acid  was  hydrolyzed  with  concentrated  HCI  for  5  hr,  the  pres¬ 
ence  of  anabasine  was  shown  by  the  formation  of  the  complex  with  cobalt  thiocyanate.  To  establish  fully  the 
structure  of  the  obtained  compound,  we  took  the  electronic  absorption  spectra  (in  the  ultraviolet  region)  of  the 
starting  substances  (chloroacetanilide,  acetanilide,  anabasine),  and  of  the  condensation  product  (see  figure).  Em¬ 
ploying  the  principle  of  additivity,  we  constructed  the  total  curve  of  anabasine  +  acetanilide.  Here  we  observe 
some  shift  of  the  first  with  respect  to  the  second  in  the  shortwave  region,  which  is  due  to  the  influence  of  the  ad¬ 
jacent  CO  group,  but  the  character  of  the  curve  is  approximately  the  same.  This  fact  serves  as  additional  proof 
that  the  structure  of  the  condensation  product  apparently  corresponds  to  the  anilide  of  anabasylacetic  acid. 

The  condensation  of  anabasine  with  chloroacetanilide  in  other  solvents  was  tun  In  a  similar  manner.  The 
results  of  these  experiments  are  summarized  in  the  table, 

SUMMARY 

The  anilide  of  anabasylacetic  acid  was  obtained  and  characterized. 
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In  recent  years,  terpcnyl  phenols  have  found  practical  application  as  antioxidants  in  synthetic  and  natural 
rubber  [1-4],  and  for  the  preparation  of  varnishes  and  lacquers  [5-7],  emulsifiers  and  wetting  agents  [5,8],  In¬ 
secticides  ['Jj,  and  valuable  perfume  substances  [10-16],  Almost  all  terpcnyl  phenols  obtained  by  condensation 
of  phenols  with  terpenes  or  by  rearrangement  of  aryl  terpcnyl  ethers  have  the  form  of  extremely  viscous  gummy 
substances,  and  probably  represent  a  mixture  of  various  isomers. 

In  connection  with  the  above,  it  was  of  interest  to  study  in  more  detail  the  composition  and  structure  of 
the  products  formed  upon  condensation  of  camphenc  with  phenol  in  the  presence  of  a  solution  of  boron  trifluoride 
in  glacial  acetic  acid. 

We  discovered  that  the  "tail"  fraction  (from  vacuum  distillation  of  the  gummy  condensation  product)  upon 
standing  shows  a  gradual  crystallization  of  a  substance  which,  after  separation  from  the  oil  and  several  recrystal¬ 
lizations  from  hexane,  was  isolated  in  the  form  of  colorless  lustrous  needles  with  m.p,  103*,***  In  some  cases, 
crystallization  is  already  started  in  the  distillation  piocess;  however,  prolonged  storage  is  necessary  for  a  fairly 
complete  separation  of  this  compound. 

Judging  by  the  results  of  elemental  and  functional  analysis,  the  precipitated  material  is  a  monoalkylated 
product  and,  as  we  have  shown,  is  p-lsobornylphenol,**** 

The  oil  remaining  after  separation  of  the  p-lsobornylphcnol  again  starts  to  crystallize  gradually  and,  after 
many  months  of  storage,  another  crystalline  material,  m.p.  79*,  was  isolated  successfully  in  large  quantities;  this 
material  in  a  mixed  sample  with  the  para- isomer  gives  a  definite  depression  of  melting  point,  as  does  a  mixed 
sample  of  the  corresponding  3,5-dinitrobenzoatcs,  We  have  demonstrated  that  this  second  substance  likewise  is 
a  monoalkylated  pnxluct,  in  this  case  o-ijobornylphcnol. 

However,  in  many  experiments,  after  separation  of  a  small  ciuantity  of  the  para- isomer  the  next  material  to 
precipitate  was  not  the  ortho-isomer,  but  eutectic  mixtures  of  the  two  Isomers  with  m.p.  53-54*  and  62*,  which 
could  not  be  separated  successfully  by  crystallizations  from  hexane  and  Isopentane, 


*  Original  Russian  pagination.  See  C.B.  translation, 

*  •Communications  I  and  II-  sec  [13]  and  [14], 

*  *  •  This  product  was  first  isolated  by  two  of  us,  together  with  E,  A.  Simanovskaya, 

*  *  *  *  The  structure  of  the  terpcnyl  group  has  not  been  established  by  us;  however,  judging  by  Information  in  the 
literature  [17],  camphene  in  acid-catalyzed  condensation  with  phenol  forms  not  camphyl-  but  isobornylphenols. 
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Fig,  1.  Infrared  absorption  spectra:  1)  o-isobornylphenol:  A)  CCI4  solu¬ 
tion,  c  272  g/ liter,  d  0,484  mm;  B)CCl4  solution,  c  272  g/ liter,  d  0,1024 
mm;  C)CHBr3  solution,  c  217  g/ liter,  d  0,1024  mm,  2)  p-Isobornyl- 
phenol:  A)  CCI4  solution,  c  110  g/  liter,  d  0,484  mm;  B)  CCI4  solution, 
c  110  g/ liter,  d  0,1024  mm;  C)CHBr3  solution,  c  84  g/ liter,  d  0,273  mm. 


Since  the  indicated  method  of  separating  the  individual  isobornylphcnols  is  extremely  labor  and  time 
consumiiig,  we  developed  a  much  simpler  and  more  convenient  method  of  separation,  based  on  difference  of 
solubility  of  the  two  isomers  in  aqueous- alcoholic  caustic.  We  established  that  in  aqueous  caustic  (even  if  con¬ 
centrated),  both  isomers  arc  completely  insoluble,  but  in  aqueous- alcoholic  caustic  the  p-isobornylphenol  is  dis¬ 
solved  more  readily  than  the  o-isomer.  The  eutectic  mixture  of  both  isomers  after  dissolving  in  petroleum  ether 
and  treatment  with  aqueous-alcoholic  potassium  hydroxide  solution  (containing  about  20*70  01  the  KOH  necessary 
for  converting  the  entire  mixture  to  phenolate)  is  readily  separated,  almost  pure  p-isobornylphenol  being  separated 
from  the  aqticous-alcoholic  portion  after  acidification,  and  the  o-isomcr  from  the  petroleum  ether  solution.  Later 
this  method  was  also  applied  successfully  for  the  direct  separation  of  both  isomers  from  the  gummy  condensation 
product. 

The  structures  of  both  isomers  as  p-  and  o-isobornylphenols  may  be  inferred  from  their  difference  in  solu¬ 
bility  in  aqueous- alcoholic  caustic,  since  o-isobornylphenol,  being  a  strongly  hindered  phenol,  should  have  sig¬ 
nificantly  lower  solubility  [18], 

However,  for  complete  assurance  that  the  two  isomers  actually  differ  in  the  position  of  the  substituents  on 
the  aromatic  ring  and  not  by  a  structural  difference  of  the  terpenyl  group,  it  appeared  desirable  to  obtain  addi¬ 
tional  evidence  confirming  our  assumption. 

Since  oxidation  of  the  isomers  (by  the  method  applied  by  N,  I,  Kursanov  for  establishing  the  relative  posi¬ 
tion  of  substituents  on  methylphenol  [19])  in  our  case  did  not  lead  to  clear  results,  we  examined  the  isobornyl- 
phenols  spectroscopically  and  determined  the  dipole  moments  of  both  Isomers  and  of  their  dibromides. 

We  measured  infrared  spectra  of  both  substances  in  the  region  of  composite  frequencies  (1700-2000  cm"^) 
and  also  in  the  region  of  nonplanar  deformations  of  the  vibrations  of  the  C— H  bonds  (700-900  cm“^). 

The  form  of  the  spectrum  in  the  1700-2000  cm"^  region  (which  is  characteristic  for  para- substituted  ben¬ 
zenes)  and  also  the  presence  of  an  intense  band  at  823  cm"'  [20],  clearly  demonstrate  the  para-location  of  the 
substituents  in  p-isobornylphenol.  The  skeletal  vibration  band  of  the  benzene  ring  (1514  cm"')  in  the  spectrum 
of  this  isomer  is  extremely  intense  and  is  displaced  in  the  direction  of  higher  frequency,  which  also  is  character¬ 
istic  for  para-substituted  benzenes. 

The  form  of  the  infrared  spectrum  of  o-isobornylphenol  in  the  1700-2000  cm"'  region  is  typical  for  ortho- 
substituted  benzenes.  The  band  at  1502  cm"'  is  less  intense  than  for  the  para-isomer  and  has  the  normal  fre¬ 
quency  ;  in  the  700-900  cm  '  cm  region  there  is  an  intense  band  at  751  cm"',  which  is  characteristic  for 
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ortho- substituted  benzenes  [20],  It  should  be  noted  that  in  the  o- 
isobornylphenol  spectrum  there  is  a  band  of  moderate  intensity  at 
827  em"',  which  is  also  observed  in  the  spectrum  of  o-cyclohexyl- 
phenol  [21], 

Tlie  characteristic  splitting  of  the  bands  of  the  CH3  groups 
in  the  1340- IdOO  cm”*. region  is  indicative  of  the  presence  in  both 
isomers  of  gem-dimethyl  groups  (doublet,  1366  and  1389  cm**), 
and  also  of  isolated  CH3  groups  (band  at  1374  cm”*). 

Having  preparations  of  p-  and  o-isobornylphenol,  we  were 
able  to  determine  the  quantity  of  these  isomers  in  the  original  con¬ 
densation  product.  Quantitative  analysis  was  carried  out  by  the 
usual  method,  based  on  the  intensities  at  the  823  and  751  cm"* 
band  peaks.  Calibration  curves  were  obtained  by  means  of  mea¬ 
suring  the  optical  density  at  the  band  peaks  for  solutions  of  various 
concentrations  in  bromoform,*  By  this  method  we  established  that 
the  initial  condensation  product  contained  70*71^  of  the  ortho-isomer 
and  207o  of  the  para-isomer, •• 

It  should  be  noted  that  in  the  alkylation  of  phenol  by  cyclo- 
hexene  with  IIBF4  the  ratio  of  ortho-  to  para-isomers  is  also  3:1  [18], 

The  total  quantity  of  isobornylphcnols  in  the  condensation  product,  equal  to  QO^o,  is  also  confirmed  by  the 
results  of  quantitative  acetylation  of  the  initial  condensation  product. 

The  assumption  tliat  the  remaining  lO^o  consists  of  the  isobornyl  ether  of  phenol  was  not  confirmed,  since 
the  infrared  spectrum  of  the  condensation  product  did  not  show  the  band  in  the  700  cm”*  region  which  is  char¬ 
acteristic  of  monosiibstituted  benzenes,  Tlie  possible  content  of  similar  compounds  docs  not  exceed  l*7o.  The 
carbonyl  frequency  (1720  cm”*)  was  also  discovered  in  the  infrared  spectrum  of  the  gummy  product;  In  our 
opinion,  this  is  explained  by  the  presence  of  isobornyl  acetate,  which  is  apparently  formed  by  acetylation  of  the 
camphene  by  acetic  acid  in  the  presence  of  BF3,  The  content  of  Isobornyl  acetate  does  not  exceed  3-5%,  judging 
by  the  infrared  spectrum  and  by  the  ester  number.  After  saponification  of  the  condensation  product,  the  carbonyl 
frequency  in  the  infrared  spectrum  disappeared  completely,  and  the  ether  number  became  zero. 

The  ultraviolet  spectra  of  p-  and  o-isobornylplicnol  also  differed  from  each  other  rather  strongly;  however, 
without  additional  study  of  the  ultraviolet  spectra  of  other  p-  and  o-alkylphenols  with  bulky  substituents  it  would 
be  premature  to  judge  the  position  of  the  substituents  in  the  phenol  molecule  from  the  appearance  of  these  spectra. 

The  determination  of  dipole  moments  of  both  isobornylphcnols  and  their  dibromldes  also  confirms  the  as¬ 
sumption  as  to  their  structure. 

The  dipole  moment  of  a  p-alkylphenol  should  be  larger  than  for  the  corresponding  o-alkylphenol:  thus, 
for  p-cresol  1,57  D,  for  o-cresol  1,4  D,  In  full  agreement  with  this,  the  dipole  moment  of  p-isobornylphenol  was 
found  to  be  equal  to  1,54  D,  and  the  o-isobornylphenol  1,387  D, 

A  significantly  sharper  difference  in  dipole  moment  should  be  manifested  by  the  dibromidcs  than  by  the 
original  p-  and  o-isobornylphenol.  With  tliis  objective,  we  made  special  preparations  of  the  dibromidcs  of  o-  and 
p-isobornylphcnol  (I  and  II)  and  measured  their  dipole  moments:  For  (I)  it  proved  to  be  equal  to  1,47  D,  and  for 
(ll)  2,40  D.  The  accuracy  of  these  results  was  fully  confirmed  by  measuring  the  dipole  moments  of  the  previously 
known  dibromides  of  o-  and  p-cresol  (III)  and  (IV),  which  we  obtained  from  o-  and  p-cresol  in  the  same  way  as 
the  (I)  and  (II);  the  dipole  moment  of  (III)  proved  to  be  equal  to  1,34  D,  and  the  dipole  moment  of  (IV)  2,21  D, 

•Absorption  coefficients  at  the  peaks  of  the  bands  analyzed:  6323  =  152  liters/ mole-cm,  £753  =  270  liters/ molc-cm; 
integral  absorption  coefficient  E  -  6300  liters/ molc-cm, 

•  ’Possible  error  of  measurement  is  1-2%  (of  the  absolute). 


Fig,  2,  Ultraviolet  absorption  spectra: 
1)  o-isobornylphenol;  2)  p-isobornyl¬ 
phenol. 
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This  method  of  determining  the  location  of  a  hydrocarbon  substituent  in  the  phenol  molecule  is  sufficiently 
simple,  and  also  can  be  applied  successfully  to  other  substituted  phenols. 

The  authors  consider  it  their  pleasant  duty  to  express  deep  gratitude  to  A.  V,  logansen  for  valuable  advice 
on  the  spectroscopy,  and  to  E.  A.  Shott-L'vova  for  the  determination  of  dipole  moments. 


EXPERIMENTAL 

Condensation  of  camphene  with  phenol.  To  a  stirred  mixture  of  1  kg  of  phenol  and  715  g  of  eamphene  at 
25-30®  there  was  added  slowly  72  g  of  a  30'7<’  solution  of  BF3  in  glacial  CH3COOH;  the  mixture  was  stirred  for  1 
hour  at  40®,  2  hours  at  80*,  and  3  hours  at  100*.  The  cooled  reaction  mixture  was  washed  with  soda-salt  solution, 
then  with  salt  solution  to  neutral  reaction;  the  excess  phenol  was  distilled  off,  and  the  residue  was  vacuum  dis¬ 
tilled.  A  light  yellow,  gummy  condensation  product  was  obtained  with  content  of  isobomylphenols  87-88®/o  (de¬ 
termined  by  acetylation).  Yield  60-G5*y«,  b.p,  154-161*  at  2  mm,  d^'’^  1.0490,  n*°D  1.5510,  ester  number  10-12, 

Separation  of  p-  and  o-isobomylphcnol.  The  gummy  condensation  product  was  dissolved  In  petroleum  ether 
and  shaken  in  a  separatory  funnel  1  or  2  times  with  a  solution  of  KOH  in  2070  aqueous  alcohol.  The  quantity 
of  KOll  constitutes  about  20%  of  the  quantity  necessary  for  complete  conversion  of  the  condensation  product  to 
phcnolatc,  and  corresponds  to  the  content  of  para-isomer  in  the  condensation  product.  The  alkaline  extract  was 
acidified  with  dilute  112804;  the  liberated  oil  was  dissolved  In  hexane  and  washed  with  water.  From  the  hexane 
solution  by  freezing  at  —10  to  -20*,  or  upon  standing  for  several  days,  crystalline  p-lsobornylphenol  separated 
out  in  the  form  of  colorless  shiny  needles  with  m.p,  103*  (from  hexane). 

Found  C  83,45;  83,60;  H  9,74,  9,60.  Bromine  number  140,5,  Ci^Uiz^*  Calculated  C  83,41;  H  9,63, 
Bromine  number  139, 

3,5-Dinitrobenzoate  of  p-isobornylphenol,  M.p.  170*  (from  a  mixture  of  methanol  and  chloroform,  3:1  by 
volume). 

Found  %  N  6,33,  6.40,  C23H24O6N2.  Calculated  %c  N  6,60, 

The  petroleum  ether  solution,  eontaining  the  Isobomylphenol  which  had  not  reacted  with  caustic,  was 
washed  with  weak  aqueous  acid;  by  freezing  the  petroleum  ether  solution  at  —10  to  -20*,  crystalline  o-isobornyl- 
phenol  separated  out  in  the  form  of  colorless  shiny  needles  with  m.p,  77*  (from  hexane). 

The  o-isobornylphenol  which  separated  from  the  gummy  condensation  product  after  many  months  of  stor¬ 
age  had  m.p,  79*  (from  hexane),  A  mixed  sample  with  the  para-lsomer  melted  at  61-66*,. 

Found  %>:  C  83,69,  83,83;  H  9.54,  9,40,  Bromine  number  140,1,  C16H22O,  Calculated  %?  C  83,41;  H  9,63, 
Bromine  number  139, 

3,5-Dinitrobenzoate  of  o-isobornylphenol.  Light  yellow  plates  with  m.p,  163*  (from  a  mixture  of  methanol 
and  chloroform,  3:1  by  volume),  A  mixed  sample  with  the  3,5-dlnitrobenzoate  of  the  para-lsomer  melted  at 
141-144*. 

Found  %  N  6.68,  6,77,  C23H240^,  Calculated  %:  N  6,60, 

Dibromlde  of  p-isobornylphenol.  To  2  g  of  p-isobornylphenol  there  was  added  50  ml  of  a  2  N  solution  of 
bromine  in  methanol  saturated  with  NaBr;  this  was  allowed  to  stand  for  1  hour  In  the  dark,  after  which  there  was 
added  excess  107o  KI  solution  and  then  sodium  thiosulfate  solution  until  the  liberated  iodine  had  been  decolorized. 
Upon  diluting  with  isopentane  and  cooling  with  Ice,  there  were  precipitated  fine  colorless  crystals  of  2,6-dibromo- 
-4- isobomylphenol  with  m.p.  56*  (from  isopentane). 
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Found  °}:k  C  49.37;  H  5.31;  Br  41.33.  CisIIsoOBrj.  Calculated  ‘7o;  C  49.50;  H  5.19;  Br  41.18. 

Dibroinidc  of  o-iaobuniylphenol.  Prepared  similarly  to  the  dibromlde  of  p-Isobornylphenol.  After  several 
recrystallizations  from  hexane,  2,4-dibromo-6-isobornylphenol  was  separated  In  the  form  of  colorless  crystals 
with  m.p.  75.5-76.5*. 

Found  7<'.  C  49.29;  H  5.45;  Dr  41.26.  CicHzoOBr-.  Calculated  %  C  49.50;  H  5.19;  Br  41.18, 

Dibromide  of  p-crcsol.  Prepared  as  described  above,  from  2  g  of  p-cresol  and  100  ml  of  bromlnatlng  mix¬ 
ture.  Upon  dilution  of  the  reaction  solution  by  water,  2,6-dibromo-4-methylphenol  precipitated  at  once  in  the 
form  of  colorless  crystals.  After  rccrystaUization  from  petroleum  ether ,  shiny  long  needles  with  m.p.  43-49*, 
Literature  data:  m.p.  48  -  49®  [22]. 

Uibromide  of  o-cresol.  Prepared  similarly  to  the  dibromlde  of  p-cresol.  After  recrystallization  from 
petroleum  ether,  2,4-dibroino-6-methylphenol  was  obtained  in  the  form  of  shiny  long  needles  with  m.p,  55-56*. 
Literature  data:  m.p.  57®  [23]. 

Measurement  of  infrared  spectra.  These  v/ere  measuicd  by  a  single-beam  spectrometer  with  an  NaCl  prism. 
An  electronic  potentiometer  i:PP-09  serv'ed  as  the  recording  apparatus.  A  description  of  the  apparatus  and  its 
method  of  operation  have  been  given  earlier  [24],  Solutions  in  CCI4  and  CHBrs  were  used  to  measure  the  spectra. 

Measurement  of  ditx)le  moments.  These  were  measured  by  the  heterodyne  method  in  benzene  at  25*, 

SUMMARY 

1.  It  has  been  shown  that  the  alkylation  of  phenol  by  camphene  in  the  presence  of  boron  trifluoride  takes 
place  at  the  ortho-  and  para-positions  of  the  phenol  molecule, 

2.  A  method  has  been  developed  for  separating  the  ortho-  and  para-isomers,  making  it  possible  to  recover 
the  isomers  in  pure  form, 

3,  The  position  of  tlie  tcrpenyl  substituents  In  the  separated  crystalline  Isomers  has  been  proved  rigorously 
by  means  of  infrared  spectra  and  also  by  measurement  of  the  dipole  moments  of  the  ortho-  and  para-isomers  and 
of  their  dibrSmides, 

4,  By  means  of  infrared  spectra  it  has  been  established  that  the  ratio  of  ortho-  to  para-isomer  In  the  gummy 
product  of  alkylation  is  equal  to  3.5:1. 
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In  previous  communications  from  our  laboratory,  the  isolation  of  five  alkaloids  from  Thalictrum  minus  L, 
has  been  reported.  Structures  have  been  proved  for  two  alkaloids  isolated  from  the  roots  of  this  plant  —  thalicmine 
and  thalicmidinc.  Thalicmine  was  shown  to  be  3,4,7-trimethoxy-5,6-methylenedioxyaporphine,  and  thallcmldlne 
to  be  2,3,6-irirncthoxy-5-hydroxyaporphine  [1], 

Continuing  our  investigation  of  the  alkaloids  of  the  genus  Thalictrum,  we  decided  to  study  all  nine  species 
of  this  genus  growing  in  the  territory  of  Central  Asia.  Data  obtained  up  to  the  present  time  are  listed  in  the  table 
for  the  five  species  of  Thalictrum  whose  alkaloids  we  are  investigating. 

As  seen  from  the  data  in  the  table,  the  maximum  accumulation  of  alkaloids  in  the  above-ground  portions 
of  T,  minus  L,  is  observed  in  the  initial  period  of  vegetative  growth;  the  alkaloid  content  gradually  decreases 
with  continued  growth  of  the  plant  [2], 

In  the  present  article  we  are  reporting  the  results  of  an  investigation  of  the  structure  of  thalmine  (I),  one 
of  the  alkaloids  isolated  from  the  above-ground  portions  of  T,  minus  L, 

Thalmine  is  a  base  of  nonphenolic  character.  It  has  the  evolved  formula  Ci7Hi3(NCH3)(C)CH3)i(OH), 

In  order  to  elucidate  the  structure  of  the  carbon  skeleton  of  thalmine,  we  subjected  this  alkaloid  to  distilla¬ 
tion  with  zinc  dust;  phenanthrene  was  isolated  from  the  distUled  products  [3], 

By  the  action  of  either  acetyl  chloride  or  acetic  anhydride  on  thalmine,  there  was  obtained  a  single  optic¬ 
ally  active  nonbasic  diacetyl  derivative  of  thalmine,  with  the  composition  Ci7Hj2(CH3CONCH3)(OCH3)  2(CCOCHs), 

Oxidation  of  this  compound  by  concentrated  nitric  acid  (d  1,40)  gave  an  acid  with  the  composition 
C16HJ2O10N2,  This  acid  was  also  formed  by  oxidation  of  the  initial  thalmine  and  of  des-N-methylthalmlne  (H) 
under  the  same  conditions.  By  the  action  of  diazomethane  on  the  acid,  a  dimethyl  ester  with  the  composition 
CuHieOjoN2  was  formed. 

Further  information  on  the  structure  of  thalmine  was  obtained  by  carrying  out  the  Hoffman  degradation. 

Upon  heating  the  metliiodlde  of  thalmine  in  alcoholic  caustic,  optically  active  des-N-methylthalmlne  (II)  was 
formed.  This  compound  (II)  gave  a  crystalline  methiodide  which,  upon  heating  in  alcoholic  caustic,  split  off 
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Alk.ilold  Content  of  Certain  Species  of  Thalictrum  L.  (in  *50  of  Raw  Material  Weight) 


Name  of  plant  and 

Place  of  collection 

Time  of 

Alkaloid  content 

stage  of  growth 

collection 

In 

above-ground 

portion 

In  roots 

T.  minus  L. 

Start  of  growth 

Tashkent  Oblast 

4/10/55 

1.10 

1.05 

Up  to  budding 

•  • 

4/17/55 

0.93 

1.10 

Start  of  budding 

•  m 

j  4/26/54 

0.86 

0.67 

Budding 

m  m 

4/29/50 

0.58 

0.60 

Flowering 

Samarkand  Oblast 

6/  20/  49 

0.38 

1  — 

Fruiting 

•  • 

7/7/49 

0.34 

0,64 

Up  to  budding 

Osh  Oblast 

7/23/53 

0,16 

0.36 

End  of  growth 

Dzhambul  Oblast 

9/26/56 

0.06 

0.96 

T,  sultanbadense  Stapf, 

Fruiting 

Tashkent  Oblast 

4/  20/  56 

0.14 

0.27 

T.  simplex  L, 

! 

Budding 

Osh  Oblast 

6/  2/  55 

0.20 

2.04 

Budding 

Samarkand  Oblast 

5/14/56 

0.21 

1.57 

Start  of  fruiting 

Dzhalalabad  Oblast 

8/30/57 

0.24 

1.73 

T.  foetidum  L, 

Start  of  budding 

Dzhalalabad  Oblast 

6/  22/  55 

0.56 

0.43 

Fruiting 

*  • 

9/  4/  57 

0,33 

0.56 

T.  isopyroidcs  C,A,M. 

Start  of  growth 

Kaplanbck 

4/  4/  56 

— 

2.93 

Fruiting 

Samarkand  Oblast 

5/  12/  56 

0.29 

1.62 

trimethylamine  and  formed  an  imsaturated  nitrogen- free  compound  Ci3Hi303  (HI),  The  presence  of  an  alcoholic 
hydroxyl  group  in  (III)  was  proved  by  obtaining  the  acetyl  derivative  which,  upon  saponification,  gave  the  original 
material  (III),  By  the  action  of  phenyl  isocyanate  on  (III)  a  phenylurethane  of  the  nitrogen- free  substance  was 
formed.  Upon  catalytic  hydrogenation  of  (III),  the  dihydro  derivative  (IV)  was  formed,  indicating  the  presence 
of  one  double  bond  in  the  molecule  of  (III),  Thus,  the  formula  of  the  nitrogen-free  substance  (III)  can  be  evolved 
In  the  form  CisHi2(CX3H3)2(CH)(=), 

The  dihydro  derivative  (IV)  was  easily  acctylated,  forming  the  o-acetyl  derivative. 

Very  valuable  information  for  establishing  the  structure  of  thalmine  was  obtained  by  a  study  of  the  oxida¬ 
tion  products  both  of  the  nitrogen- free  compound  (Ul)  and  of  its  dlhydro  derivative  (IV),  Upon  oxidation  of  (IV) 
by  potassium  permanganate  [G  g-atoms  of  oxygen  per  mole  of  (IV)]  there  were  formed  two  acids,  one  with  the 
composition  CioIIi^Og  (V),  and  anothe.r.v/hicli  proved  to  be  propionic  acid.  The  acid  (V)  was  also  formed  upon 
oxidation  of  the  compounds  (III),  (II),  and  (I)  by  potassium  permanganate  (in  acetone  solution  and  in  acidic  or 
neutral  media),  and  by  chromic  acid,  Tl:e  acid  (V)  gave  a  dimethyl  ester  with  the  composition  CjsHijOe,  Con- 
sc<iuently,  the  formula  of  the  acid  (V)can  be  evolved  in  the  form  Ci2H6(OCI!3)2(COOH);, 

By  heating  the  acid  (V)  with  copper  chromate  catalyst  In  quinoline,  there  was  obtained  a  neutral  substance 
with  the  composition  C|.jni402  or  €^3113(00113)2  (VI).  Upon  distillation  of  the  acid  v/ith  zinc  dust,  biphenyl  was 
formed.  Hence,  the  compound  (VH)  is  a  dimcthoxybiphenyl,  and  the  acid  (V)  Is  a  dlmcthoxyblphenyldicarboxylic 
acid.  Since  the  basis  of  the  carlxjn  skeleton  of  thalmine  is  the  phcnantltrenc  structure,  it  follows  that  upon  oxi¬ 
dation  of  thalmine  the  acid  (V)  will  be  formed  with  carboxyl  groups  on  the  2  and  2’  positions  of  the  biphenyl 
molecule. 

For  establisliing  the  position  of  the  methoxy  groups  in  the  acid  (V),  we  subjected  it  to  oxidation  both  by 
petassium  permanganate  and  by  concentrated  nitric  acid.  In  the  first  case,  we  isolated  oxalic  acid,  and  In  the 
second  case  a  dinitro  acid.  The  latter  proved  to  be  a  dlnitrodimethoxybiphenyl-2,2*-dicarboxylic  acid.  Hence, 
in  this  case,  simple  nitration  of  the  acid  (V)  occurred. 


•As  in  original  —  Publisher's  note. 
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As  is  evident  from  the  above -cited  oxidation  experiments,  both  of  the  benzene  rings  in  the  molecule  of 
the  acid  (V)  behave  identically  toward  oxidizing  agents.  This  enables  us  to  assume  that  the  methoxy  groups  in 
the  dimethoxybiphenyl  are  on  the  two  benzene  rings  of  the  biphenyl.  Such  a  derivative  of  biphenyl  has  6  Isomers, 
of  which  5  are  described  in  the  literature.  Since  the  properties  of  our  compound  do  not  agree  with  the  known 
properties  of  any  of  the  5  isomers,  the  remaining  possible  structure  is  2, 3 ’-dimethoxybiphenyl  (VI),  and  for  the 
acid  iVjtthe  structure  5,6'-dimethoxybiphcnyI-2,2’-dicarboxylic  acid. 

On  the  basis  of  the  behavior  we  have  disclosed,  thalmine  has  the  structure  (I),  and  its  breakdown  may  be 
explained  in  abbreviated  form  by  the  following  scheme: 
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As  is  evident  from  the  formula  (I),  thalmine  is  the  first  natural  substance  which  represents  a  derivative  of 
phenanthrenc  in  combination  with  a  derivative  of  piperidine.  By  analogy  with  phenanthiidine,  we  have  started 
with  the  hydrocarbon  iriphenylc-ne  and  have  named  thalmine  as  a  derivative  of  triphcnylldlne. 


In  this  nomenclature,  thalmine  is  3,5-dimelhoxy-N-methyl-ll-hydroxyhexahydrotrlphenylldlne, 


EX  PERIMENTAL 

Distillation  of  thalmine  (I)  with  zinc  dust.  Five  grams  of  thalmine  was  mixed  with  50  g  of  zinc  dust  and 
1  g  of  shredded  and  calcined  asbestos,  placed  in  a  refractory  tube,  and  heated  to  dull  red  heat  in  a  stream  of  car¬ 
bon  dioxide.  A  brown  viscous  liquid  was  distilled  off  and  collected  in  an  ice-cooled  receiver.  At  the  end  of  the 
distillation  the  contents  of  the  tube,  and  also  the  contents  of  the  receiver  were  extracted  with  ether.  The  ether 
extract  was  Washed  with  2'Vo  hydrochloric  acid  and  dried.  After  distilling  off  the  ether,  there  remained  0,5  g  of 
a  light-brown  oil  distilling  at  335-340’,  Upon  addition  of  alcohol,  white  crystals  were  precipitated,  m,p.  95-96*, 
A  mixed  sample  of  this  substance  with  phenanthrene,  and  also  a  mixed  sample  of  the  conespondlng  picrates  did 
not  give  any  melting-point  depression, 

Diacctylthalmine.  a)  One  gram  of  thalmine  was  Introduced  into  an  ampoule,  2,5  ml  of  acetyl  chloride 
was  added,  the  ampoule  was  sealed,  and  the  contents  were  mixed  so  that  the  material  was  dissolved.  The  mix¬ 
ture  was  allowed  to  stand  for  20  days,  during  which  it  was  converted  to  a  solid  mass;  this  was  made  alkaline  and 
extracted  with  ether.  After  distilling  off  the  ether  there  remained  an  amorphous  powder,  which  was  crystallized 
from  a  1:2  mixture  of  ethanol- acetone.  White  needles  of  diacetylthalmine  were  obtained  with  m.p.  149-150* 
(dccomp.);  [ct]Q  —  117,5*  (c  =  2,466,  methanol).  Yield  1.1  g. 
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b)  One  gram  of  thalmiiic  was  dissolved  in  10  ml  of  freshly  distilled  acetic  anhydride  and  b-dlcd  on  a  sand 
bath  for  1  lir.  Further  treatment  was  carried  out  as  Indicated  above.  Diacetylthalmlne  was  obtained  with  yield 

l. 25  g. 

Oxidation  of  dlr.c^’lth''.!'iunc.  Two  grams  of  diacetylthalmlne  was  heated  in  a  beaker  with  8  ml  of  nitric 
acid  (d  l.'iO)  on  a  boiling  water  bath  until  the  nitric  acid  v/as  completely  evaporated.  Then  a  fresh  8-ml  portion 
of  nitric  acid  was  added  and  again  evapcfated.  Tin’s  operation  was  repeated  five  times.  The  residue  was  trans¬ 
ferred  to  a  small  flask,  and  5  ml  of  nitric  acid  (d  1.85)  was  added.  Upon  healing,  the  residue  was  dissolved;  upon 
cooling,  while  crystals  of  a  dinicro  acid  were  precipitated,  m.p,  243  -  251*.  After  recrystalllzatlon  from  acetone, 

m. p.  252-253*.  Yield  0.8  g. 

Found  It.  C  48.71;  ii  3.00;  N  7.10;  OCH3  16.40;  OH  7.66.  CicH^OioNz.  Calculated  C  48.89;  H  3,08; 

N  7.14;  2OCH3  15.82;  OH  7.66. 

Dimciliyl  ester  of  dinitro  acid.  0.5  gram  of  the  dinitro  acid  was  mixed  with  50  ml  of  absolute  ether;  to 
the  resulting  suspension  there  was  added  50  ml  of  clhcr  containing  0.2  g  of  diazomethane  (4  moles  per  mole  of 
dinitro  acid).  The  mixture  was  left  for  two  days,  uniil  nitrogen  evolution  had  ceased.  After  removal  of  the  ether, 
needle-shaped  crystals  of  the  dimethyl  ester  were  precipitated,  m.p.  150-151*.  Yield  0,4  g. 

Found  c  51.42;  H  3.80;  N  6.81;  OCH3  26.25.  CigH,rpioN2.  Calculated  C  51,43;  H  3.83;  N  6.66; 
4OCH3  26.74. 

Dcs-N-methylthalmine  (11).  1.1  grams  of  the  methiodide  of  thalmine  was  heated  with  20  ml  of  KOH 
in  methanol  for  2  hr.  The  m.ethanol  was  evaporated,  water  was  added,  and  the  des-base  was  extracted  by  chloro¬ 
form.  After  distilling  off  the  solvent  tliere  remained  an  amorphous  mass  with  m.p,  108-112*,  [«]p  ~266,6* 

(c  2.134  methanol).  Yield  0.8  g.  The  hydrochloride  of  (II)  had  m.p,  124-126*,  and  the  picrate  175-177*. 

Me  thiodide  of  des-N-mcthylthalmine.  0.5  gram,  of  (II)  was  dissolved  in  1  ml  of  methanol,  and  0.5  ml  of 
metliyl  iodide  was  added.  The  mixture  was  boiled  for  6  lir.  The  excess  methyl  iodide  and  the  methanol  were 
distilled  off.  The  residue  was  crystalUi,ed  fiom  alcohol.  Fine  white  needles,  m.p,  148-150*  (decomp,).  Yield 
0.65  g. 

Nitrogen-free  compound  (III).  0.5  gram  of  the  methiodide  of  des-N-methylihalmine  was  boiled  with  5 
ml  of  30'7<’  KOH  in  methanol.  After  15  min,  the  evolution  of  trimcthylamine  began.  The  reaction  was  continued 
for  2  hr,  after  which  the  methanol  was  evaporated  off  and  the  reaction  product  was  extracted  with  chloroform. 

The  chloroform  extract  was  washed  with  5^Jo  sulfuric  acid  and  with  water.  The  solvent  was  evaporated  down  to  a 
small  volume  (2  ml)  atid  2  ml  of  nx'.thanol  was  added.  Upon  rubbing  with  a  rod,  the  nitrogen-free  compound  (III) 
crystallized,  m.p.  105-198*.  After  two  recrystallizations  from  1:1  acetone— methanol  mixture,  m.p.  211-212*. 
Yield  0,2  g. 

Found  It.  C  77.15;  H  5.63;  OH  5.78.  Ci^HiaOi.  Calculated  ?o;  C  77.55;  H  6,12;  OH  5.78. 

Acetylation  of  compound  (III).  To  0,4  g  of  (III)  there  v/as  added  5  ml  of  anhydrous  pyridine  and  5  ml  of 
freshly  distilled  acetic  anhydride.  The  mixture  was  l)oiled  for  15  hr  and  then  dissolved  in  300  ml  of  chloroform. 
After  removal  of  the  pyridine  and  distilling  off  the  chloroform,  crystals  were  obtained  with  m.p,  235-237*.  Yield 
0.32  g. 

Phenyliircthanc  of  compound  (III).  This  was  formed,  upon  heating  (III)  with  phenyl  Isocyanate  In  a  sealed 
tube  at  100*  for  5  hr,  in  the  form  of  fine  needles,  m.p,  271-272*. 

Hydrogenation  of  compound  (III).  One  gram  of  (HI)  was  dissolved  In  40  ml  of  methanol  and  hydrogenated 
on  platinum  catalyst.  After  3  hr,  1  mole  of  hydrogen  had  been  absorbed.  Warty  crystals  of  (IV)  were  obtained, 
m.p,  172-173*.  Yield  0,9  g.(lV)  gave  an  acetyl  derivative  with  m.p.  202-203*. 

Oxidation  of  compound  (IV).  To  a  suspension  of  1  g  of  (FV)  in  100  ml  of  water  there  was  added  dropwise 
with  constant  stirring  an  aqueous  solution  of  potassium  permanganate  [2,1  g  In  150  ml  of  water;  6  g-atoms  of  oxy¬ 
gen  per  mole  of  (IV)]  in  the  course  of  5  hr.  The  mixture  was  allowed  to  stand  for  20  hr,  and  the  oxidation  was 
completed  by  heating  on  a  water  bath  for  5  hr.  The  solution  was  filtered  off  from  the  manganese  dioxide.  The 
precipitate  was  washed  with  2'^/.i  KOH  and  with  water.  The  filtrates  were  combined  (200  ml),  washed  with  chloro¬ 
form,  and  acidified  with  Ib'yo  sulfuric  acid.  The  precipitated  material  was  separated,  washed  with  water,  and 
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dried;  m.p,  281-283*  (decomp.).  Yield  0.3  g,  A  mixed  sample  with  the  acid  (V)  obtained  by  oxidation  of  (I) 
did  not  give  any  melting-point  depression.  The  acidic  mother  liquor  was  extracted  with  ether  (2  liters).  After 
distilling  off  the  solvent,  there  was  obtained  3  ml  of  a  liquid,  which  was  made  alkaline  with  lO'y®  KOH  solution. 

White  crystals  of  the  potassium  salt  of  the  acid  were  precipitated.  Yield  0,1  g.  From  this  salt  there  was  ob¬ 
tained  an  anilide  with  m.p.  104-105*.  A  mixed  sample  of  this  anilide  with  the  anilide  of  propionic  acid  did  not 
give  any  melting-point  depression. 

Oxidation  of  compound  (III).  To  a  solution  of  1  g  of  (III)  in  acetone  there  was  added  dropwlse  an  acetone 
solution  of  potassium  permanganate  (2.8  g).  At  the  end  of  the  oxidation  the  precipitated  manganese  dioxide  was 
separated  by  vacuum  filtration  and  washed  with  acetone.  The  precipitate  was  treated  as  indicated  above.  The 
acid  (V)  was  isolated,  m.p.  281-283*  (decomp,).  Yield  0,6  g. 

Oxidation  of  thalmine  (I),  a)  One  gram  of  (I)  was  oxidized  by  potassium  permanganate  in  acetone  solution 
[8.4  g  of  KMn04;  26  g-atoms  of  oxygen  per  mole  of  (1)].  From  the  acetone  solution  there  were  separated  warty  crys¬ 
tals  of  (V)  with  m.p.  277-280*  (dccornp,).  Yield  0,1  g.  By  treatment  of  the  manganese  dioxide  precipitate 
there  was  recovered  an  additional  0,3  g  of  (V)  with  m.p.  277-280*  (decomp.).  Recrystallized  from  alcohol  (1:50), 
tlie  acid  had  m.p,  281-283*  (decomp,). 

Found  ’’k  c  63.56;  H  4.65;  OCH3  20.58;  OH  11.88;  equiv.  154.7  C16H14O6.  Calculated  %  C  63.57;  H  4,66; 
20c H3  20.53;  OH  11.25;  equiv.  151.1. 

b)  To  a  solution  of  2  g  of  (I)  in  10  ml  of  lO^/o  sulfuric  acid  there  was  added  dropwise  12,5  g  of  chromic  an¬ 
hydride  in  a  mixture  of  20  ml  of  concentrated  sulfuric  acid  and  20  ml  of  water.  The  oxidation  was  completed  by 
boiling  on  a  sand  bath  for  4  hr.  Upon  cooling,  the  acid  (V)  was  precipitated.  Yield  0.6  g, 

c)  To  a  solution  of  1  g  of  (I)  in  100  ml  of  lO'Vo  sulfuric  acid  there  was  added  dropwise  a  solution  of  potas¬ 
sium  permanganate  (3.8  g)  in  the  course  of  2  hr.  The  acid  (V)  was  recovered  with  yield  0.41  g, 

d)  Two  grams  of  (I)  was  dissolved  in  20  ml  of  2% hydrochloric  acid,  and  the  solution  was  neutralized  with 
27“  KOH  and  oxidized  by  a  solution  of  potassium  permanganate  (15,5  g  in  400  ml  of  water).  There  was  recovered 
0.7  g  of  the  acid  (V). 

Oxidation  of  dcs-N-methylthalmine  (II),  1  g  of  (II)  was  dissolved  in  20  ml  of  57o  sulfuric  acid,  neutralized 
with  27“  KOH,  and  oxidized  by  potassium  permanganate  (8  g  in  200  ml  of  water).  There  was  recovered  0.4  g  of 
the  acid  (V). 

Dimethyl  ester  of  acid  (V).  To  a  suspension  of  1,5  g  of  (V)  in  100  ml  of  ether  there  was  added  70  ml  of  an 
ether  solution  of  diazomethane  (1.1  g),  Tlie  mixture  was  left  for  a  day,  then  washed  with  27o  KOH  and  with  water, 
and  the  ether  was  distilled  off.  Upon  the  addition  of  methanol,  the  residue  crystallized  in  the  form  of  white  plates 
with  m.p,  94-95*. 

Found  7“:  C  65.48;  H  5.55;  OCH3  39.11.  M  329,2.  CuHigOg.  Calculated  7o;  C  65.45;  H  5.45;  40CH,  37.57. 
M  330.3. 

Decarboxylation  of  the  acid  (V).  A  mixture  of  4  g  of  powdered  copper  chromate  catalyst  with  2  g  of  the 
acid  (V)  and  15  ml  of  freshly  distilled  quinoline  was  boiled  until  carbon  dioxide  evolution  ceased,  after  which 
300  ml  of  ether  was  added.  The  ether  extract  was  filtered  off  from  the  catalyst  and  washed  with  107o  sulfuric 
acid,  then  with  27o  KOH  and  with  water.  After  removal  of  the  ether  there  was  obtained  1.2  g  of  crystals  with 
m.p.  75-77*  (from  alcohol).  After  sublimation  and  repeated  recyrstallization  ,  white  fluffy  needles  with  m.p, 
79-80*. 

Found  %  C  78.93;  H  6.43;  OCH3  26.65.  M  191.8.  Ci4Hi402.  Calculated  7o:  C  78.47;  H  6.58;  20CHj 
28.93.  M  214.2. 

Distillation  of  the  acid  (V)  with  zinc  dust.  Two  grams  of  the  acid  (V)  was  mixed  with  20  g  of  zinc  dust 
and  0,7  g  of  calcined  and  shredded  asbestos;  the  mixture  was  placed  in  a  refractory  tube  and  subjected  to  distil¬ 
lation  in  a  stream  of  dry  hydrogen.  The  distilled  product  was  dissolved  in  ether,  filtered,  washed  with  27®  KOH, 
and  distilled.  The  partially  crystallized  residue  (0,2  g)  was  sublimed  at  70-80*.  White  platelike  crystals  were 
obtained  with  m.p,  65-67*.  A  mixed  sample  with  biphenyl  did  not  give  any  melting-point  depression. 
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Oxidation  of  the  acid  (V).  a)  0,5  gram  of  the  acid  (V)  was  dissolved  in  50  ml  of  Vio  KOH,  and  a  solution 
of  7  g  of  potassium  permanganate  in  150  ml  of  water  was  added.  The  oxidation  was  completed  by  heating  for 
24  hr.  The  precipitated  manganese  dioxide  was  washed  with  27®  KOH  and  with  water.  The  filtrates  were  com¬ 
bined  and  acidified  with  concentrated  hydrochloric  acid.  The  initial  acid  (V)  was  precipitated.  Yield  0,15  g. 

The  iiiother  liquor  v/ns  extracted  with  ether;  after  distilling  off  the  ether  from  the  extract,  there  remained  a 
crystalline  acid  with  m.p,  184-186",  A  mixed  sample  of  tills  acid  and  oxalic  acid,  or  of  the  corresponding  imldes, 
did  not  give  any  melting-point  depression, 

b)  One  gram  of  the  acid  (V)  in  a  beaker  v/ith  8  ml  of  nitric  acid  (d  1,40)  was  heated  on  a  water  bath  until 
completely  evaporated.  The  residue  was  crystallized  from  alcohol;  m.p,  251-253",  Yield  0.8  g.  A  mixed 
sample  of  this  acid  with  the  diniuo  acid  obtained  by  oxidation  of  diacetylthalmine,  or  a  mixed  sample  of  the 
corresponding  dimethyl  esters,  did  not  give  any  melting-point  depression, 

SUMMARY 

1,  All  of  the  five  species  of  Thalictrum  which  we  studied  cotitalned  alkaloids,  Tlie  alkaloid  content  varied 
markedly,  depending  on  the  place  and  stage  of  growth  of  the  plant. 

2,  Distillation  of  thalmine  with  zinc  dust  gives  phenanthrene,  and  oxidation  of  thalmlne  gives  5,6*-dl- 
methoxybiphenyl-2,2*-dicarboxylic  acid.  The  latter,  upon  distillation  with  zinc  dust,  glvca  biphenyl,  and  upon 
decriboxylation  gives  2,3*-dimethoxybiphenyl  (VI), 

3,  The  Hoffman  degradation  of  thalmlne  takes  place  in  two  stages  with  the  separation  of  nitrogen  and  the 
formation  of  a  nitrogen- free  compound,  the  dihydro  derivative  of  which  Is  oxidized  to  propionic  acid  and  5,6*- 
-dImcthoxybiphcnyl-2,2*-dicarboxylic  acid, 

4,  The  structure  of  thalmine  has  been  established  as  a  derivative  of  trlphenylidlne ,  namely  3,5-dimethoxy- 
-  N-  methyl- 1 1-hydroxyhexahydrotriphenylidlne, 
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Upon  dehydrogenation  of  the  alkaloid  zongorine  (CjzHsjOsN)  by  selenium,  we  had  obtained  [2]  a  hydro¬ 
carbon  of  the  composition  CjaHig  (1).  Oxidation  of  this  hydrocarbon  by  potassium  ferricyanidc  led  to  two  acids 
[3]:  the  previously  known  biphcnyltetracarboxylic-2,3,2',4'  acid  (II)  and  a  previously  unknown  acid  (III)  which, 
judging  by  analysis  and  the  ultraviolet  absorption  spectrum  of  its  trimcthyl  ester  (Ilia),  is  a  phenantlirenetri- 
carboxylic  acid.  The  simultaneous  formation  of  (II)  and  (III)  Indicates  that  (III)  can  be  only  phenanthrenetrl- 
carboxylic-1,7,9  (or  10)  acid.  The  hydrocarbon  (l)  was  synthesized  successfully  [4]  by  the  selenium  dehydrogena¬ 
tion  of  1, 10-dimethyl- 7-ethyloctahydrophenanthrcne.  These  findings  led  us  to  the  conclusion  that  the  hydro¬ 
carbon  (I)  is  1, 10-dimethyl- 7-ethylphenanthrcnc;  this  makes  it  possible  to  refine  formula  (IV),  proposed  for 
zongorine  by  K.  Wiesner  and  co-workers  [5],  and  to  replace  it  by  formula  (V)  [4]. 


In  discussing  our  results,  K.  Wiesner  and  co-workers  [6]  suggested  that  in  the  process  of  selenium  dehydro¬ 
genation  of  1 ,10-dimcthyl-7-ethyloctahydrophenanthrene  a  methyl  group  may  migrate  from  position  10  to  posi¬ 
tion  0  (the  latter  being  less  hindered  sterically),  and  that,  consequently,  the  hydrocarbon  (1)  may  be  1,9-dimethyl- 
-7-cthylphcnanthrcne,  This  supposition  led  K,  Wiesner  to  allow  the  possibility  of  the  presence  in  the  zongorine 
molecule  of  not  a  Cjo— C17,  but  a  C9-C17  carbon- to-carbon  bond;  this  compelled  us  to  return  to  a  study  of  the 
structure  of  the  phcnanthrenetricarboxylic  acid  (III).  Tliis  acid  shows  no  tendency  toward  the  anhydride  forma¬ 
tion  which  would  be  expected  with  the  presence  of  two  carboxyls  in  the  1-  and  10-positions.  For  comparison 
with  the  acid  (III),  we  synthesized  phenanthrcnetricarboxylic-1,7,10  acid  (VI)  by  the  scheme  shown  on  the  follow¬ 
ing  page. 

The  structure  of  the  acids  (VI),  (Vn),  and  (VIII)  as  represented  in  this  scheme  has  been  verified  as  follows: 
a)  Decarboxylation  of  the  acid  (VIII)  gives  1,7-dime thylphenanthrene  (IX),  b)  The  ultraviolet  absorption 
spectra  of  the  methyl  esters  of  acids  (in),  (VI),  and  (VH),  and  of  the  acid  (VUI)  are  close  to  each  other  and  differ 
from  the  spectrum  of  the  methyl  ester  of  the  biphenyltetracarboxylic  acid  (H).  c)  The  acid  (VH)  sublimes  un¬ 
changed  under  high  vacuum,  but  the  acid  (VI)  forms  the  anhydride  (X), 

The  trimethyl  ester  of  the  acid  (VI)  differs  from  the  trimethyl  ester  of  the  acid  (in);  the  acids  themselves, 
as  noted  above,  differ  in  their  ability  to  form  anhydrides.  Therefore,  the  acid  (lU)  is  phenanthrenetricarboxylic- 
-1,7,9  acid,  and  the  hydrocarbon  (I)  is  l,9-dimcthyl-7-cthylphenanthrene.  These  data  confirm  the  hypothesis 


•Communication  XVI-  see  [1], 
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of  K.  Wiemer  and  his  co-workers  as  to  migration  of  the  methyl  group  from  position  10  to  position  9  In  the  process 
of  dehydrogenating  1, 10-dimethyl- 7-ethyIoctahydrophcnanthrene,  A  similar  migration  may  also  take  place  in 
the  dehydrogenation  of  zongorine;  therefore,  the  results  of  dehydrogenation  do  not  permit  choosing  between  the 
two  possible  structures  for  zongorine,  containing  a  Cjo— Cp  or  a  Cg— C|7  carbon-to-carbon  bond.  The  latter  pos¬ 
sibility  may  be  given  preference  for  the  present  only  on  the  basis  of  biogcnctic  considerations  [6], 

In  the  w'ork  cited  above,  K.  Wiesner  and  co-workers  [6]  rejected  their  previously  expressed  opinion  as  to 
the  presence  in  zongorine  of  the  N-hydroxyethyl  group,  advanced  arguments  for  the  presence  of  the  hydroxyl  at 
position  3,  and  proposed  formula  (XI)  or  (XJI)  for  zongorine  in  place  of  formula  (V), 


0  0 


Wanting  to  test  this  reasoning,  we  obtained  a  dikctolactam  from  zongorine  after  reduction  of  the  keto- 
group  in  zongorine  to  CH2,  reduction  of  the  double  bond,  and  oxidation  of  the  substance  thus  obtained.  The  infra 
red  spectrum  of  the  dikctolactam  is  consistent  with  formula  (XIll)  (bands  at  1636,  1712,  and  1730  cm"*),*  and 
indicates  the  presence  in  zongorine  of  two  secondary  hydroxyl  groups,  one  on  the  five-membered  ling,  and  the 
other  on  a  six-membered  ring. 

Replacement  of  formula  (V)  for  zongorine  by  formula  (XI)  [or  (XII)]  requires  a  change  of  the  structural 
formulas  for  the  substances  described  earlier  [7],  which  we  obtained  upon  oxidation  of  zongorine  derivatives  by 
chromic  anhydride  in  pyridine;  the  formulas  proposed  previously,  containing  the  oxazolidine  structure  (XIV), 
must  be  replaced  by  formulas  containing  the  grouping  of  an  inner  ether  of  a  carbinolaminc  (XV). 


•Also,  absorption  is  absent  in  the  2600-2800  cm"*  region,  which  is  characteristic  for  the  C-H  bond  of  aldehydes 
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This  replacement  docs  not  change  the  interpretation  of  the  mechanism  of  oxidation  of  the  indicated  sub¬ 
stances  to  lactams  (XVI),  and  does  not  change  the  basis  we  gave  previously  for  the  presence  In  zongorine  of  a 
>CH2  group  in  position  16  and  a  >CH  group  in  position  17. 


EXPERIMENTAL 

Dcsoxyzongorinc  (C22H3302N^»  substance  was  obtained 
by  a  Wolff- Kisiincr  reduction,  as  described  by  Sugasawa  [8], 

Dihydrodcsoxy zongorine  (C22n3502N).  2,8  g  of  desoxy- 
zongorine  was  liydrogenated  in  methanol  with  Pt  (from  0,1  g 
Pt02).  The  re  was  obtained  2,7  g  of  a  substance  with  m.p.  132  to 
134*  (from  methanol). 

Found  C  76,58;  76.61;  11  10.18,  10.28.  C22H3s02N. 
Calculated  %  C  76.50;  11  10.22. 

Dihydrodesoxyzongorinclactam.  2,7  g  of  dihydrodesoxy- 
zongorinc  was  oxidized  in  acetone  solution  by  KMn04  by  the 
method  described  previously  [7],  The  lactam  was  obtained  with 
rn.p.  (in  an  evacuated  capillary)  244-251*  (from  acetone -alcohol 
mixture). 

Found  c  73.22.  73.88;  H  9.15,  9.14.  C22H33O3N.  Cal¬ 
culated  %  C  73.51;  11  9.23. 


Ultraviolet  absorption  spectra;  1)  1,7- 
dimethylphenanthrcnecarlx)xylic-10 
acid  (VIII);  2)  dimethyl  ester  of  1- 
-methylphen3ntbrcnedicarboxylic-7,10 
acid  (VII);  3)  trimethyl  ester  of  phen- 
antIircnctricarboxylic-1,7,10  acid  (VI); 
4)  trimethyl  ester  of  phenanthrenetri- 
carboxylic-1,7,9  acid  (Ilia);  5)  tetra- 
mcthyl  ester  of  biphenyltetracarboxylic 
2.3 .2*, 4’  acid. 


Oxidation  of  dihydrodcsoxozougorinclactam.  To  a  solution 
of  0.3  g  of  the  lactam  in  3  ml  of  glacial  acetic  acid  there  was 
added  0.3  g  of  Cr03  in  9  ml  of  90'7o  acetic  acid.  After  3  hr  an 
additional  0.2  g  of  Cr03  was  added.  The  mixture  was  kept  over¬ 
night  at  0*;  then  the  solution  was  treated  with  potassium  metabi- 
sulfite,  diluted  with  water,  and  made  alkaline  with  ammonia. 
The  reaction  product  was  extracted  with  ether.  The  substance 
melted  at  167-168*  (from  ether).  The  infrared  spectrum  showed 
bands  at  1636,  1712,  and  1730  cm"'. 

Found  %  C  73.93;  H  8.42.  C22H2903N.  Calculated  % 

C  74.34;  H  8.23. 


a-(2-methylphenyl)-6  -(2-nitro-5-methylphcnyl)- acrylic  acid.  A  solution  of  10,3  g  of  o-tolylacetic  acid 
(synthesized  from  o- xylene  through  xylyl  bromide  and  the  nitrile)  and  2.75  g  of  sodium  hydroxide  in  50  ml  of 
meilianol  was  evaporated  under  vacuum;  50  ml  of  benzene  was  added  to  the  dry  residue  and  then  evaporated 
(under  vacuum  toward  the  end).  To  the  sodium  salt  thus  obtained  there  was  added  25  ml  of  freshly  distilled 
acetic  anhydride  and  11,4  g  of  6-nitro-3-methylbcnzaldehyde  with  m.p,  39-41*,*  For  synthesis  of  this  latter 
substance  from  m- xylene,  the  xylyl  bromide  was  obtained  and  then  reacted  with  urotropine  [hexamethylenetetra¬ 
mine]  to  form  3-methylbenzaldehyde  [9],  wliich  was  nitrated  and  separated  in  accordance  with  the  directions  of 
the  patent  [10],  The  mixture  was  heated  for  10  hr  at  115-120*,  cooled,  mixed  with  25  ml  of  water,  heated  gra¬ 
dually  with  stirring  to  100*,  and  then  heated  at  this  temperature  for  5  min.  Upon  cooling,  a  partially  crystallized 
material  precipitated;  this  was  filtered  off  and  rccrystallized  from  glacial  acetic  acid.  The  nitro-acid  was  ob¬ 
tained  in  6,2  g  yield  with  m,p,  176-177*. 


*  In  Bcilstein's  Handbuch  dcr  Organischer  Chemie,Vol,  7,  p,  296,  this  aldehyde  is  erroneously  assigned  the  struc' 
ture  2-nitro-3-methylbenzaldehyde,  Compare  F.  Mayer,  Ber.^,  406  (1914). 
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FoutiJ  7^.  N  4.63,  4.78.  C17H15O4N.  Calculated  7^:  M  4,71, 

ct-(2-Mctliylphcuvl)-3  -(2-amino-5-methylphenyl)- acrylic  add.  To  a  solution  of  6  g  of  the  nilro-acid  In 
25  ml  of  dilute  atiucc.us  ammonia  there  was  added  a  mixture  obtained  by  adding  90  ml  of  concentrated  aqueous 
ammonia  to  a  solution  of  35  g  of  Iron  sulfate  in  100  ml  of  water.  The  paste  obtained  u^  on  mixing  was  heated 
on  a  boiling  bath  for  30  min,  then  filtered.  Tlic  filtrate  was  evaporated  to  half  its  original  volume;  upon  neutrali¬ 
zation  of  the  solution  with  107°  sulfuric  acid  there  was  obtained  5  g  of  the  amino  acid  with  m.p.  193-194*. 

Found  N  5.44.  CiyHijOiN.  Calculated  %  N  5.24. 

1,7-DimethylphenanthrenccarbcxylIc-lO  acid,  A  solution  of  3.55  g  of  the  amino  acid  and  0.32  g  of  sodium 
nitrite  in  25  ml  of  S'To  sediurn  carbonate  solution  was  added  in  small  poitions  v.ith  good  stirring  to  200  ml  of  20^ 
sulfuric  acid,  cooled  to  5*.  The  nearly  transparent  solution  was  filtered,  made  alkaline  (pH  8-9)  with  sodium 
carbonate,  and  gradually  heated  to  100*  and  held  at  that  temperature  until  gas  evolution  ceased.  After  acldlflca- 
tlon  and  extraction  with  ether,  there  was  obtained  1,3  g  of  a  substance  with  in.p,  189-191*,  After  crystallization 
from  ether,  yield  1-g,  n>.p,  195-196*. 

Found  ‘7c-  C  81,59;  H  5.46.  Ci^HiA.  Calculated  %  C  81.61;  H  5.64. 

Sixty  mg  of  1,7-dimethylphenanthrenecarboxylic-lO  acid,  30  mg  of  powdered  copper  [11],  and  1  ml  of 
quinoline  were  heated  for  1.5  hr  at  220-230*.  After  cooling,  the  mixture  was  diluted  with  ether  and  filtered.  The 
filtrate  was  washed  3  times  with  10'7  sulfuric  acid,  107°  sodium  hydroxide,  and  water.  After  evaporation  of  the 
ether  and  crystallization  of  the  residue  from  methanol  there  was  obtained  a  substance  with  m.p,  82-83*.  A  mix¬ 
ture  of  this  substance  with  1,7-dimcthylphenanthrene  melted  at  the  same  temperature. 

Oxidation  of  1 ,7-dimethylphenantl)icnccarboxylic-10  acid  (VIII).  a)  One  gram  of  the  acid  was  oxidized 
with  potassium  ferricyanide  under  the  conditions  of  oxidation  of  the  hydrocarbon  Cj3Hig  [3];  the  quantities  of 
oxidizing  agent  and  of  potassium  hydroxide  corresponded  to  the  quantities  necessary  for  oxidation  of  1  g  of  the 
hydrocarbon.  The  mixture  of  acids  recovered  after  oxidation  was  treated  with  methanol.  The  insoluble  portion 
was  estcrified  by  diazomcth.anc  in  a  mixture  of  methanol  and  ether  (14  hr  at  20*).  Tnc  dimethyl  ester  of  1- 
-mcthylphcnanthrencdicarboxylic-7,10  acid  was  obtained.  Yield  0.1  g,  m.p,  145-146*  (from  methanol-chloro¬ 
form  mixture  and  then  from  acetone). 

Found  ^cr.  c  73.13;  H  5.07.  CigllicO^.  Calculated  ‘7^;  C  73.15;  H  5.40. 

Twenty  mg  of  the  ester  was  saponified  by  boiling  for  1  hr  with  a  lO'Yo  solution  of  potassium  hydroxide  In 
methanol.  The  solution  was  evaporated  and  the  residue  was  dissolved  in  water.  Upon  acidification,  1-methyl- 
phcnanthrenedicarboxylic-7,10  acid  (VII)  was  obtained  with  m.p,  269-270*.  After  subliming  at  230*  (0.06  mm), 
m.p,  273,5-274*.  The  infrared  spectrum  showed  bands  at  1699  and  1725  cni’^, 

b)  Tlie  mother  liquors  remaining  after  separation  of  the  acids  and  formation  of  the  methyl  ester  of  1- 
-mcthylphenanthrenedicarboxylic-7,10  acid  were  combined  and  evaporated.  The  substances  thus  obtained  were 
saponified  by  boiling  for  1  hr  with  25  ml  of  a  10*70  solution  of  potassium  hydroxide  in  methanol.  The  methanol 
was  evaporated,  the  residue  was  dissolved  in  50  ml  of  water,  and  25  ml  of  water  was  boiled  off.  The  concentrated 
aqueous  solution  of  potassium  salts  of  phcnanthrcnccarboxylic  acids  was  subjected  to  oxidation  by  pciasslum  ferri¬ 
cyanide  (the  quantity  of  oxidizing  agent  and  of  potassium  hydroxide  corresponded  to  those  required  for  oxidation 
of  0,5  g  of  the  hydrocarbon).  The  mixture  of  acids  recovered  after  oxidation  v'as  csterified  by  dlazomethane. 

The  reaction  product,  which  was  difficultly  soluble  in  ether,  was  crystallized  from  methanol-chloroform  mixture. 
The  trlmcthyl  ester  of  phcnanthrcnctricarboxylic-1,7,10  acid  was  obtained.  Yield  0,12  g,  m.p,  192-193*. 

Found  ^0:  C  67.73;  H  4.62.  CzoIIigOs,  Calculated  la-.  C  68.18;  H  4.58, 

Twenty  mg  of  tlie  ester  was  saponified  as  described  in  section  ji;  the  acid  was  sublLn.eJ  at  270-290*  (0,1 
mm),  giving  the  anhydride  (X),  The  substance  sublimed  without  melting  at  a  tcinperatuic  above  360*;  the  infra¬ 
red  spectrum  showed  bands  at  1725  and  1767  cm"^. 

Sublimation  of  phenanthrcnctricarboxylic-1 ,7,9  acid  (III).  Twenty  mg  of  the  acid  obtained  by  saponifica¬ 
tion  of  tha  trimethyl  ester  was  heated  in  vacuum  at  180-200*  and  0.05  mm.  No  change  was  observed.  The  ma¬ 
terial  wliich  had  been  heated  showed  one  carbonyl  band  (1702  cm"*)  in  its  infrared  spectrum.  Sublimation  was 
carried  out  at  300*  (0,05  mm),  Tlie  infrared  spectrum  of  the  sublimate  coincided  with  the  spectrum  of  material 
before  heating. 


1719 


SUMMARY 


I 

\ 

\ 

t 

I 

j 

1,  The  trimethyl  ester  of  phenanthrenetricarboxylic-1,7,10  acid  has  been  synthesized.  f 

2,  The  hydrocarbon  CjjHig  formed  by  dehydrogenation  of  zongorine  is  not  1,10- dimethyl- 7-ethylphenan- 
threne,  as  previously  supposed,  but  1, 9-dimethyl- 7-ethylphenanthrene, 

3,  The  presence  of  a  secondary  hydroxyl  group  on  a  six-membered  ring  of  zongorine  has  been  confirmed, 

i 

4,  The  structure  of  zongorine  is  subject  to  discussion,  ■ 

i 
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In  a  previous  article  [1],  one  of  us  reported  on  the  synthesis  of  esters  of  matrinic  acid.  In  the  present  work, 
results  arc  presented  on  the  decarboxylation  of  aphyllinic  acid  and  the  synthesis  of  some  of  its  esters. 

In  investigating  the  crystalline  product  from  the  manufacture  of  anabasine  sulfate  in  the  Chimkent  chemical 
pharmaceutical  plant,  independent  of  the  work  of  A,  S.  Labenskii  [2],  we  succeeded  in  isolating  aphyllinic  and 
aphyllidinic  acids  in  the  free  state.  The  product  in  question  is  formed  by  treatment  (in  batches)  of  a  mixture  of 
the  alkaloids  of  Anabasis  aphylla  with  407o  sulfuric  acid,  and  is  accumulated  in  the  diffusers  in  considerable 
quantities. 

Having  on  hand  more  than  50  kg  of  the  crystalline  product,  we  proceeded  to  study  the  material  more  tho¬ 
roughly,  It  was  successfully  established  that  aphyllinic  and  aphyllidinic  acids  are  components  of  this  technical 
product, 

•  Original  Russian  pagination.  See  C.B,  translation. 
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Esters  of  AphylUnic  Acid 


Starting  materials  | 

Yield, 

% 

Name  of  ester 

aphyllin¬ 
ic  acid, 
g 

1 

alcohol, 

ml 

sulfuric  j 
acid , 
ml  j 

Reaction 
time, hr 

mi 

Methyl 

Ethyl 

n-Propyl 

n-Butyl 

1  2 

3 

*> 

!  2 

i 

15 

20 

15 

15 

0.5 

0.5 

0.5 

0.5 

5.r, 

3 

81-  82' 
73-74 
03-  '>0 
78-  80 

-1-  8.90 
-1-11.2 
-1-28.0 
-1-17.2 

42 

35 

25 

27 

The  isolated  aphyllinic  acid  (Ci5H2(;02N2  •  5H2O)  is  in  the  form  of  colorless  crystals.  It  is  weakly  alkaline 
to  litmus.  In  the  anhydrous  state  it  is  a  white  powder  with  m.p,  218-219*,  [cc]p  +14*,  and  Ry  0,33  (solvent  n- 
butanol).  The  acid  gives  a  number  of  well-crystallized  salts:  sulfate  with  m.p,  224-225*,  dihydrochloride  with 
m.p,  262-264°,  and  monomethiodide  with  m.p,  257-258*. 

Having  accumulated  the  two  acids  in  considerable  quantities,  wc  first  studied  the  reaction  of  decarboxyla¬ 
tion  of  aphyllinic  acid.  From  this  work  it  was  ascertained  that  the  attempted  decarboxylation  of  aphyllinic  acid, 
or  of  its  salts  (bariumsalt,  sulfate,  and  others)  with  or  without  catalysts  [3,4],  resulted  In  cyclization  with  the 
formation  of  aphylline  in  yields  up  to  90%. 

An  interesting  fact  should  be  noted:  Opening  the  ring  of  aphylline  (formation  of  aphyllinic  acid)  and  cycli¬ 
zation  of  the  latter(ro-formation  of  the  aphylline)  are  accompanied  by  a  change  of  magnitude  of  the  optical  ro¬ 
tation  of  the  base.  The  aphylline  wiiich  we  isolated  from  anabasine  sulfate  has  [a]^)  +27,2*;  aphyllinic  acid  has 
[ct]D  +14.0°;  however,  the  aphylline  obtained  by  cyclization  of  aphyllinic  acid  has  +16,1*.  This  phenomenon 
may  be  explained  on  the  basis  of  what  is  apparently  a  partial  isomerization  of  the  aphylline  molecule  in  the  proc¬ 
ess  of  opening  and  closing  of  the  lactam  ring. 


As  already  noted,  aphyllinic  acid  and  its  salts  are  resistant  to  decarboxylation.  We  made  an  attempt  to 
decarboxylate  N-methylaphyllinic  acid.  For  this  purpose  aphyllinic  acid  was  methylated  by  formaldehyde  and 
formic  acid,  N-methylaphyllinic  acid  was  obtained  in  good  yield.  Heating  this  material  under  various  condi¬ 
tions,  either  in  vacuum  (10  mm,  300-320*  and  250-260°)  or  in  an  autoclave  (in  the  presence  of  bronze)  made  it 
possible  to  obtain  3-(N-nicthyl-2-piperidyl)-quinolizidine  with  10-15%  yield.  This  substance  is  a  stereoisomer 
of  the  alkaloid  pusilline,  isolated  from  the  plant  Lupinus  pusillus  [5,6], 


/\ _ /\ 


n 


IN. 

\/l  \/\/ 

3-(N-methyl-2-piperidyl)- 

quinolizidlne 


3-(N-Methyl-2-piperidyl)-quinolizidinc  is  a  colorless  thick  oil;  it  forms  a  monohydrochloride  with  m.p, 
168-170°,  and  also  a  picrate  with  m.p.  194-196°,  [«]£)  16.2°,  and  Rj  0.62  (solvent  n-butanol).  These  salts 

differ  from  those  of  pusilline  in  melting  point  (monohydrochloride  of  pusilline  has  m.p,  269-271*,  and  the  picrate 
m.p.  183.5-185.5°). 


For  characterization  of  the  aphyllinic  acid  we  synthesized  a  scries  of  its  esters  by  interaction  of  the  acid 
with  the  corresponding  alcohols  in  the  presence  of  sulfuric  acid  (see  table).  The  ethyl  esters  of  aphyllinic  and 
aphyllidinic  acids  are  described  in  the  literature  [7,8,9],  but  they  were  obtained  by  opening  the  lactam  ring  of 
the  alkaloid. 


EXPERIMENTAL 

Eolation  of  the  sulfate  of  aphyllinic  acid.  1500  g  of  the  technical  crystalline  product,  a  mixture  of  amino 
acid  sulfates,  was  washed  repeatedly  with  methanol.  There  was  obtained  700  g  of  the  mixture  of  the  sulfates  of 
aphyllinic  and  aphyllidinic  acids.  Yield  40,6%, 
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After  three  recrystallizations  from  hot  water,  the  sulfate  of  aphyllinic  acid  was  obtained  with  m,p,  224  to 
225*.  Yield 

Aphyllinic  acid.  An  excess  ofbarium  hydroxide  was  added  to  a  solution  of  400  g  of  the  sulfate  of  aphyllinic 
acid  in  1  liter  of  water.  The  resulting  precipitate  of  barium  sulfate  was  filtered  off.  The  excess  barium  hydroxide 
was  removed  from  the  solution  by  the  addition  of  sulfuric  acid.  The  aqueous  solution  was  evaporated  to  dryness. 
There  was  obtained  310  g  of  the  free  aphyllinic  acid.  Yield  927o,  After  three  recrystallizations  from  hot  water, 
the  acid  had  m.p,  218-219*  (in  the  anhydrous  state),  [a]^  +14.1*. 

Dihydrochloride  of  aphyllinic  acid.  To  2  g  of  aphyllinic  acid  in  5  ml  of  alcohol  there  was  added  an  alco¬ 
holic  solution  of  hydrogen  chloride.  After  recrystallization  from  alcohol  the  dihydrochloride  had  m^).  262-264*. 

Found  %  Cl  22.20,  22.9.  Ci5H2602N2  *  2HC1.  Calculated  %  Cl  22,35. 

Monomethiodide  of  aphyllinic  acid.  To  a  solution  of  10  g  of  the  acid  in  50  ml  of  methanol  there  was  added 
15  g  of  methyl  iodide.  The  solution  was  heated  for  2  hr  on  a  water  bath.  Crystals  of  the  monomethiodide  pre¬ 
cipitated  after  standing;  after  recrystallization  from  water  it  had  m.p,  257-258*, 

Found  I  30,9 , 32.1.  C J6H29O2N2I.  Calculated 131,3, 

N-mcthylaphyllinic  acid.  To  a  mixture  of  10  g  of  aphyllinic  acid  in  10  ml  of  water  and  5  ml  of  40*70 
formaldehyde  there  was  added  gradually  4  ml  of  formic  acid.  The  solution  was  then  heated  on  a  water  bath 
for  5  hr  and  evaporated  to  dryness  under  vacuum.  The  residue,  the  formate  of  N-methylaphyllinic  acid,  had  m.p, 
266- 2G9*,  Yield  057<’.  For  liberation  of  the  free  acid,  10  g  of  the  formate  was  mixed  with  3  g  of  sulfuric  acid, 
and  the  mixture  was  evaporated  to  dryness.  The  resulting  product  was  dissolved  in  50  ml  of  water,  and  an  excess 
of  barium  hydroxide  was  added  to  the  solution.  Subsequently,  the  filtrate  was  treated  with  sulfuric  acid  for  re¬ 
moval  of  barium  ions.  Tlie  aqueous  solution  was  evaporated  to  dryness  and  the  N-methylaphyllinic  acid  was  re- 
crystallized  from  alcohol— acetone  mixture.  M.p.  312-314®,  [a  —14,6*. 

Found  N  9.90,  10.28.  C1CH28O2N2.  Calculated  %  N  10.00. 

Decarboxylation  of  N-methylapliyllinic  acid.  Eight  g  of  the  acid  was  heated  at  300-320*  (10  mm)  for  4  hr. 
The  reaction  product  was  dissolved  in  20  ml  of  water  and  extracted  with  benzene.  After  distilling  off  the  solvent, 
the  remaining  oil  was  again  dissolved  in  benzene  and  was  passed  through  a  column  containing  aluminum  oxide. 
Desorption  from  the  adsorbent  was  carried  out  by  successive  washing,  first  with  benzene  and  then  with  acetone. 
From  the  acetone  fraction  1.2  g  of 3-(N-nu'thyl-2-piperidyl)-qulnolizidlnc  was  recovered.  The  base  was  dif¬ 
ficultly  soluble  in  water  and  readily  soluble  in  organic  solvents,  [otjj)  —16,2*. 

Found N  11.39,  11.31.  C15H28N2.  Calculated ‘7’:  N  11.44. 

This  compound  gave  a  picrate  with  m.p.  194-196*,  and  also  a  monohydrochloride  with  m.p,  168-170*. 

Found ‘7*.;  Cl  13.31,  12.5.  Cj5H28N2  *  HCl.  Calculated  Cl  13.75. 

Esters  of  aphyllinic  acid.  Methyl  ester.  To  a  solution  of  2  g  of  aphyllinic  acid  in  10  ml  of  methanol  there 
was  added  0.5  ml  of  sulfuric  acid  (d  1.84);  upon  cooling,  hydrogen  chloride  was  passed  through  the  solution  for 
2  hr.  The  reaction  mixture  was  allowed  to  stand  until  the  following  day.  Then  the  alcohol  was  distilled  off,  and 
the  remaining  material  was  dissolved  in  a  small  quantity  of  water.  The  solution  was  made  alkaline  with  potas¬ 
sium  carbonate,  and  the  methyl  ester  was  extracted  by  ether.  After  drying  with  sodium  sulfate,  the  ether  was 
distilled  off.  The  residue,  0.9  g  (42*70),  after  recrystallization  from  petroleum  ether,  had  m.p.  81-82*, [ajp  +8,9* 
(in  alcohol). 

Found  7-’:  N  9,70,  10.17.  CicHzgOjNj.  Calculated  7o:  N  10.00. 

The  remaining  esters  (ethyl,  propyl,  and  butyl)  were  obtained  by  the  same  method  (see  table). 

Ethyl  ester. 

Found  N  9,47,  9,38,  Ci7H3o02N2.  Calculated  Ti  N  9,52, 

n- Propyl  ester. 

Found  N  8,96,  9,00.  CigH3202N2.  Calculated  N  9,09. 
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n-Butyl  ester. 

toiiiid  7c;  N  8.90.  Calculated  N  8.96. 

SUMMARY 

1.  ApliylUnlc  acid,  isolated  from  a  technical  product  obtained  In  the  production  of  anabasinc  sulfate,  has 
been  chaiaclerized.  It  has  been  established  that  upon  attempted  decarboxylation  of  aphyllinic  acid  or  its  deriva¬ 
tives,  cyclization  takes  place  with  t1;e  formation  of  aphylline, 

2.  The  formation  of  N-nicthylaphyllinic  acid  and  3-(N-methyl-2-plpcrldyl)“quInolizIdlne  from  aphyllinic 
acid  has  been  dcmoiistratcd;  the  3-(N-methyl-2-pipcridyl)-quinolizidine  proved  to  be  a  stereoisomer  of  pusilline. 

3.  The  methyl,  ethyl,  n-propyl,  and  n-butyl  esters  of  aphyllinic  acid  have  been  prepared  and  character¬ 
ized. 
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In  a  previous  article  [1],  one  of  us  had  reported  on  the  decarboxylation  of  aphyllinic  acid  and  on  the  prep¬ 
aration  of  certain  of  its  esters.  Tlie  present  work  Is  devoted  to  a  proof  of  the  structure  of  hydroxyaphylllnc,  a  new 
base  isolated  from  the  high-boiling  fraction  of  the  alkaloids  of  Anabasis  aphyJla. 

By  a  careful  separation  of  the  total  liigh-boiling  alkaloids  of  this  plant,  A.  P.  Orekhov  [2]  successfully  iso¬ 
lated  (in  addition  to  previously  known  alkaloids)  another  base  with  m.p.  162-164*  and  +54.5*.  Later,  Spath 
and  others  [3],  using  a  chromatographic  method,  isolated  a  base  with  m.p.  181-182*  and  —32.6*.  In  the 
work  of  a  number  of  authors  [4-6],  experimental  confirmation  was  obtained  for  the  correctness  of  the  structural 
formulas  of  aphylline  and  aphyllkline,  wliich  were  proposed  by  A.  P.  Orekhov. 


•Original  Russian  pagination.  See  Cd).  translation. 
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In  separating  the  high-bolling  fraction  obtained  from  anabasine  sulfate  ,  we  were  successful  in  isolating 
(along  with  the  already  known  aphylline  and  aphyllldine),  a  base  with  m.p,  165-167*  and  [otj^  +39,2*.  For  this 
base  the  empirical  formula  was  determined  to  be  Cj5H2402N2.  The  base  proved  to  be  new;  therefore,  we  named 
it  hydroxyaphylline.  Along  with  the  hydroxyaphylline,  we  also  isolated  from  the  acidic  solution  of  mixed  alka¬ 
loids  a  nitrogen-containing  substance  with  m.p.  182- 18-}*  and  [a]p  -21.5*,  having  the  empirical  formula 
C15H20O2N2.  This  new  compound  was  named  oxoaphyllidine. 

Hydroxyaphylline  is  a  monobasic  tertiary  amine.  It  gives  a  hydrochloride  with  m.p,  254-255*,  a  perchlo¬ 
rate  with  m.p.  210-212*,  and  a  methiodide  with  m.p.  223-224*.  One  of  the  nitrogen  atoms  in  the  molecule  has 
no  basic  properties  and  is  in  a  >N-CO—  group.  Tliis  is  confirmed  by  the  infrared  spectrum;  a  band  is  found  at 
1600  cm’*,  which  is  characteristic  for  the  >N~CO-  group. 

One  of  the  oxygen  atoms  in  the  molecule  of  hydroxyaphylline  is  in  an  alcoholic  hydroxyl  group,  as  shown 
by  the  results  of  active-hydtogen  determination  (Chugaev-Tserevitinov)  and  by  the  infrared  spectrum  (band  at 
3390  cm’*,  which  is  characteristic  for  the  hydroxyl  group). 

On  this  basis,  it  is  possible  to  write,  an  expanded  formula  for  hydroxyaphylline: 

(>N-)  (-Oil) 

Upon  heating  at  170*  for  3  hr,  or  by  the  action  of  40^70  11280^,  hydroxyaphylline  loses  a  molecule  of  water 
and  is  converted  to  aphyllidinc.  A  similar  conversion  was  also  observed  in  the  preparation  of  salts  of  hydroxy¬ 
aphylline.  This  makes  it  possible  to  establish  that  hydroxyaphylline  belongs  to  the  lupinane  group  alkaloids. 

The  ease  of  dehydration  of  hydroxyaphylline  suggested  that  it  is  simply  a  crystalline  hydrate  of  aphyllidine 
or  of  a  stereoisomer  of  aphyllidine.  Tltis  hypothesis,  however,  was  not  confirmed;  Aphyllidine  does  not  give  a 
crystalline  hydrate;  the  conversion  of  hydroxyaphylline  to  aphyllidine  takes  place  only  by  the  action  of  40'7o  H2SO4; 
with  0,1  N  112804  the  hydroxyaphylline  is  unchanged.  This  latter  fact  shows  that  the  splitting  of  water  occurs  not 
as  a  result  of  isomerization  of  the  hydroxyaphylline,  but  rather  is  connected  with  other  properties  of  the  base. 
Moreover,  if  hydroxyaphylline  were  a  crystalline  hydrate  of  a  stereoisomer  of  aphyllidine,  then  it  would  neces¬ 
sarily  have  two  active  hydrogens.  The  presence  of  only  one  active  hydrogen  in  hydroxyaphylline  has  been  estab¬ 
lished  experimentally.  Hence,  it  has  been  concluded  that  hydroxyaphylline  is  not  a  crystalline  hydrate. 

The  empirical  formula  of  hydroxyaphylline  corresponds  to  that  of  an  N-oxide  of  aphylline.  Assumption  of 
the  N-oxide  structure  would  give  an  alternate  explanation  of  the  formation  of  dchydroaphyllinc  (aphyllidine) 
upon  dehydration.  An  analogous  case  is  known  in  the  literature  [7],  As  a  test  of  our  hypothesb,  the  N-oxide  of 
aphylline  was  prepared;  this  proved  to  be  entirely  different  from  the  hydroxyaphylline. 

Proceeding  from  the  considerations  set  forth  above,  we  have  proposed  for  hydroxyaphylline  the  most  prob¬ 
able  structural  formulas,  (I)  and  (II),  which  readily  explain  the  formation  of  aphyllidine  (III), 

OH  0^^ 


The  choice  between  formulas  (I)  and  (n)  was  made  on  the  following  basis,  A  comparison  of  the  properties 
of  hydroxyaphylline  with  those  of  its  structural  isomers  hydroxylupanine  [8]  and  lupanoline  [9]  (which  also  have 
hydroxyl  groups)  indicates  a  difference  in  the  ability  of  these  three  bases  to  split  out  water.  For  splitting  water 
from  the  two  latter  alkaloids  it  is  necessary  to  use  phosphoric  or  acetic  anhydride,  while  hydroxyaphylline  loses 
its  hydroxyl  very  readily.  In  this  respect  it  is  very  similar  to  tertiary  alcohols.  On  this  basis,  we  consider  that 
the  most  probable  structure  for  hydroxyaphylline  is  formula  (I)  [10], 

We  express  sincere  thanks  to  Yu,  N.  Shelnker  for  the  determination  of  the  infrared  absorption  spectrum  of 
the  hydroxyaphylline. 
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EXPERIMENTAL 


Separation  of  hl^;h-lK)iltn^  frnction.  Tire  hlgh-boillng  fraction  was  obtained  by  splitting  anabnsinc  sulfate 
with  caustic  and  then  vacuum  distilling.  Fciiy-four  g  of  the  high-boiling  fraction  was  dissolved  in  47  ml  of  IS^u 
hydiochloric  acid  (to  acidic  reaction  with  Congo  red).  This  acidic  solution  v/as  washed  repeatedly  with  benzene 
to  extract  nonbasic  substances,  'Hicn  the  solution  was  "fractionally  alkalized,"  adding  1  N  potassium  hydroxide 
solution  in  20- ml  portions  to  obtain  10  fractions,  which  were  then  subjected  to  exhaustive  extraction  by  benzene. 
After  distilling  off  the  solvent,  each  fraction  v;as  studied  separately.  The  first  five  fractions  gave  crystalline  bases 
v.’hich,  after  rccrystallization  from  petroleum  ether  (b.p.  70-90*),  liad  m.p,  100-103*  (yield  17  g).  Tlie  remain¬ 
ing  fractions  contained  previously  known  bases  (anabasine,  lupinine,  aphyllinc,  and  aphyllidine). 

Hydroxyapliylline.  For  the  isolat'cn  of  hydroxyaphylline,  20  g  of  the  mixture  of  bases  with  m.p.  100-103* 
was  subjected  to  a  secondary  fractionation,  separating  according  to  basicity  by  the  method  of  AJP,  Orekhov  [2], 

Ten  fractions  were  obtained,  the  first  nine  giving  aphyllidine  (m.p,  110-111*),  and  the  tenth  giving  crystalline 
hydroxyaphylline  (after  distilling  off  the  solvent  and  treating  with  acetone).  Yield  0.3  g  (O.SG'/o),  Hydroxy- 
aphyllinc  was  crystallized  from  acetone  in  the  form  of  colorless  needles  with  m.p,  1G5-167*;  readily  soluble  In 
benzene,  alcohol,  or  chloroform;  poorly  soluble  in  v/ater,  acetone,  or  petroleum  ether. 

Found  1^.  C  68.2,  68.07;  II  9.09,  9.05;  N  10.66,  10.56;  OH  6.7,  5.52.  M  262.3,  263.6.  CisHzANj.  Cal¬ 
culated  ‘yo:  C  68.18;  II  9.09;  N  10.6;  OH  6.46.  M  264. 

Hydrochloride  of  aphyllidine  —  precipitated  upon  mixing  an  alcoholic  solution  of  hydroxyaphylline  with 
hydrogen  chloride.  After  recrystallization  from  acetone  it  had  m.p,  254-255*.  A  mixed  sample  with  the  hydro¬ 
chloride  of  aphyllidine  gave  no  melting-point  depression. 

Found  Cl  12,43.  12.29.  C15H22ON2  •  HCl.  Calculated  Cl  12.56. 

Perchlorate  of  aphyllidine  -  precipitated  in  the  form  of  needle-shaped  crystals  upon  mixing  an  acidic  solu¬ 
tion  of  hydroxyaphylline  with  a  solution  of  sodium  perchlorate.  After  recrystallization  from  water  it  had  m.p, 
210-211*.  A  mixed  sample  with  the  perchlorate  of  aphyllidine  gave  no  melting-point  depression.  The  base  re¬ 
covered  after  splitting  the  perchlorate  by  ammonia  and  rccrystallization  from  petroleum  ether  had  m.p,  109-111* 
and  did  not  give  any  depression  when  melted  with  aphyllidine, 

Methiodide—  formed  upon  mixing  and  heating  an  alcoholic  solution  of  the  base  and  methyl  iodide.  After 
rccrystallization  from  methanol  it  had  m.p,  223-225*. 

Action  of  acid  on  hydroxyaphylline.  0,4  g  of  hydroxyaphylline  was  dissolved  in  0.1  N  sulfuric  acid  (to 
acidic  reaction  with  Congo  red).  The  acidic  solution  was  made  alkaline  and  extracted  with  benzene.  After 
distilling  off  the  solvent  and  rccrystallization  from  acetone,  the  base  had  m.p.  165-167*.  A  mixed  sample  with 
hydroxyaphylline  gave  no  melting-point  depression, 

0,4  g  of  hydroxyaphylline  was  dissolved  in  40io  sulfuric  acid  (to  acid  reaction).  The  solution  was  made  al¬ 
kaline  with  40*70  potassium  hydroxide,  and  the  precipitated  crystals  were  removed  by  vacuum  filtration.  After  rc¬ 
crystallization  from  petroleum  ether,  the  base  had  m.p,  109-111*.  A  mixed  sample  with  aphyllidine  gave  no 
melting-point  depression, 

N-Oxide  of  aphylline.  1,5  g  of  aphylline  was  mixed  with  10  ml  of  2*70  hydrogen  peroxide  and  allowed  to 
stand  at  room  temperature.  The  solution  was  then  subjected  to  exhaustive  extraction,  first  by  ether,  then  benzene, 
and  tinally  chloroform  (there  was  thus  obtained  0.85  g  of  the  original  aphyllinc).  The  aqueous  solution  was 
evaporated  to  dryness  and  the  residue  treated  with  dry  acetone.  There  was  obtained  a  hygroscopic  powder  which 
was  readily  soluble  in  water  or  alcohol  and  insoluble  in  acetone,  benzene,  or  ether.  An  attempt  to  isolate  the 
N-oxide  of  aphylline  In  crystalline  form  was  not  successful.  Therefore,  the  powder  was  dissolved  In  10  ml  of  10*7o 
hydrochloric  acid,  and  2  g  of  zinc  dust  was  added  with  constant  stirring.  After  filtration,  extraction  by  ether,  and 
distilling  off  the  solvent,  the  residue  was  mixed  with  an  alcoholic  hydrogen  chloride  solution.  The  hydrochloride 
thus  obtained  had  m.p.  207-209*,  and  gave  no  melting-point  depression  with  the  hydrochloride  of  aphyllinc. 

SUMMARY 

1.  Two  new  alkaloids  have  been  isolated  from  the  high-boiling  fraction  of  the  total  bases  of  Anabasis aphyl- 
la  -  hydroxyaphylline  C15H24O2N2  and  oxoaphyllidine  Ci5H2o02N2. 
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2,  Hydroxyaphyllinc  has  been  established  as  a  member  of  the  luplnane  group  alkaloids,  and  Its  most 
probable  structural  formula  has  been  proposed. 
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In  a  previous  article  [1]  we  reported  the  isolation  from  the  high-boiling  fraction  of  the  alkaloids  of 
Anabasis  aphylla  of  a  new  nitrogen-containing  neutral  substance,  oxoaphyllidine,  Cj5H2o02N2  (I),  The  results  of 
a  study  of  the  structure  of  this  compound  are  given  in  the  present  work, 

Oxoaphyllidine  is  crystallized  from  ether  as  colorless  needles  with  m,p,  182-184°  and  [a]j^  —21,5*.  It  is 
readily  soluble  in  benzene,  chloroform,  or  alcohol,  and  difficultly  soluble  in  ether,  A  weakly  acidic  solution  of 
oxoaphyllidine  decolorizes  potassium  permanganate  solution  instantly,  indicating  the  unsaturated  nature  of  the 
oxoaphyllidine.  Under  ordinary  conditions  it  gives  a  neutral  reaction  and  is  inert  toward  acids  or  bases.  Both 
nitrogen  atoms  are  inactive,  and  are  found  in  the  form  of  >N~CO-  groups.  By  passing  hydrogen  chloride  Into  a 
methanol  solution  of  oxoaphyllidine  and  then  heating,  there  is  formed  a  monomethyl  ester  of  oxoaphyllidinic 
acid  with  the  composition  C16H24O3N2, 

In  contrast  to  the  original  compound,  the  monomethyl  ester  has  basic  properties  and  reacts  as  a  base.  This 
fact  points  out  the  different  reactivity  of  the  >N~CO—  group.  Upon  hydrogenation  in  acetic  acid  solution  with 
platinic  oxide,  oxoaphyllidine  adds  2  atoms  of  hydrogen  and  gives  a  substance  C15H22O2N2  with  m,p,  157-159* 
and  [otjp  —73,3*,  designated  as  dihydrooxoaphyllidine. 

Upon  reduction  of  oxoaphyllidine  in  hydrochloric  acid  solution  with  platinic  oxide  or  upon  electrochemi¬ 
cal  reduction  in  sulfuric  acid  solution,  6  atoms  of  hydrogen  are  absorbed  and  there  is  formed  tetrahydrodesoxy- 
oxoaphyllidine  Ci5H240N2  with  m,p.  83-85*  and  [a]p  +11,3*;  picrate  m.p,  182-183*, 

Our  experimental  data  are  in  good  agreement  with  the  literature  values  for  oxypachycarpine  (d-oxysparteine) 
[d-oxosparteine]. 


•Original  Russian  pagination.  See  C,B,  translation. 


1726 


A  direct  coinparison  of  tctrahydrcdesoxyoxoaphyllidine  in  the  form  of  the  base  (and  of  its  picrate)  with  the 
oxypachycarpinc  [d-oxosparteine]  which  wc  obtained  by  oxidation  of  pachycarpine  [d-spartelne]  by  the  method 
of  Schopf  [2]  demonstrated  tijeir  identity.  Tims,  the  basic  skeleton  (I)  has  been  established  for  oxoap’'yllidlne, 
with  one  of  the  carbonyl  ^'ronps  foimJ  in  position  17, 


It  remained  to  establish  the  position  of  the  double  bond  and  of  the  second  carbonyl  vhich  may  be 

found  in  position  2  or  10,  Other  possibilities  are  excluded  in  view  of  the  neutral  character  of  oxoaphyllidine. 

Hence,  the  most  probable  structure  for  the  product  of  hydrogenation  of  oxoaphyllidine  (dihydrooxoaphylll- 
dine)  is  given  by  formula  (H)  or  (TTI), 


0  Ul)  0  (HI) 

Formula  (II)  corresponds  to  an  oxylupanine  [oxolupaninc],  and  (III)  to  an  oxoaphylline  (dioxysparteine) 
[dioxosparteine]. 

Of  the  optically  active  forms  of  oxylupanine  [oxolupanine],  only  d-oxylupanine  [d-oxolupanlne]  has  been 
reported  in  the  literature  [3],  A  comparison  of  its  constants  with  those  of  dihydrooxoaphyllidine  shows  their  dif¬ 
ference.  Therefore,  formula  (II)  is  eliminated,  and  for  dihydrooxoaphyllidine  there  remains  formula  (III),  To 
confirm  the  accuracy  of  the  proposed  formula,  we  oxidized  aphylline  by  potassium  permanganate  In  acetone  so¬ 
lution  [4]  and  recovered  a  substance  with  m.p.  157-159*  and  [ajp  —71,3*  with  composition  C15H22O2N2.  This 
substance  has  not  been  described  in  the  literature;  we  designated  it  as  oxoaphylline,  but  it  proved  to  be  identical 
with  dihydrooxoaphyllidine.  This  made  it  possible  to  prove  conclusively  that  the  second  carbonyl  group  in  di¬ 
hydrooxoaphyllidine  is  located  at  position  10,  and  to  propose  formula  (IV)  for  oxoaphyllidine.  Simultaneously, 
it  was  established  that  the  second  carbonyl  group  in  oxoaphylline  is  found  in  position  10, 

For  proof  of  the  location  of  the  double  bond,  oxoaphyllidine  was  oxidized  by  cliromic  acid  in  sulfuric  acid 
solution  with  the  calculated  quantity  of  chromic  acid  for  one  double  bond.  Tills  reaction  resulted  in  the  success¬ 
ful  recovery  of  a  substance  of  amphoteric  character  with  m.p,  201-203*,  giving  a  reaction  to  pyrrolidone.  Heat¬ 
ing  the  obtained  compound  to  250*  resulted  in  splitting  out  water  and  the  formation  of  a  compound  with  m.p, 
25*.  If  this  latter  compound  is  melted  and  allowed  to  stand  in  air,  it  again  forms  low-melting  crystals  with  m.p, 
20.5-30*.  All  properties  of  the  given  compound  [i.e.,  the  compound  with  m.p,  201-203*]  are  in  good  agreement 
with  the  literature  values  for  y -aminobutyric  acid  [5],  Tlic  identity  of  the  recovered  acid  with  y -aminobutytic 
acid  prepared  by  the  oxidation  of  aphyl Inline  [G]  was  demonstrated  by  the  determination  of  melting  point  of  a 
mixed  sample.  The  formation  of  the  y -aminobutyric  acid  indicates  that  the  double  bond  in  the  molecule  of 
oxoaphyllidine  is  located  between  the  5-  and  6-carbon  atoms  (V)  or  between  the  11-  and  12-carbon  atoms  (VI), 


The  course  of  the  oxidative  splitting  of  oxoaphyllidine  may  be  represented  as  follows:  (V)  or  (VI)  upon 
oxidation  gives  an  intermediate  amino  acid  (VII)  or  (Vin),  which  upon  further  action  of  the  sulfuric  acid  is  hy¬ 
drolyzed  and  forms  y -aminobutyric  acid. 
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H,C 

I 

H,C 
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COOH 
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'CH, 


CO 

(Vll) 


CO, 

>  N  ^CH, 
CHj  I  I  ^ 
A^CO  ^CH, 

(VIM) 


^CO 


HjN-CHj-CHj-CHj-COOH 


Finally,  the  choice  between  formulas  (V)  and  (VI)  in  favor  of  (V)  was  made  on  the  basis  of  the  following 
reasoning.  By  an  investigation  of  the  stereochemistry  of  sparteine  [7-9]  it  was  ascertained  that  conversion  of 
sparteine  to  a-isospartcine  occurs  as  a  result  of  transition  of  the  hydrogen  atom  on  the  11-carbon  atom  from  the 
trans-position  to  the  cis-position.  It  was  successfully  established  that  upon  hydrogenation  of  the  double  bond  of 
didchydrosparteine,  hydrogen  atoms  are  added  at  the  6-  and  11-carbons  in  the  cis-position.  If  it  Is  supposed  that 
the  double  bond  in  oxoaphyllidlnc  is  found  between  the  11-  and  12-carbons,  then  upon  reduction  the  expected 
product  would  be  a  stereoisomer  of  oxypachycarpinc  [d-oxosparteine];  in  case  of  complete  reduction,  the  ex¬ 
pected  product  would  be  a  stereoisomer  of  sparteine,  i.e.,  a -isosparteine.  However,  these  substances  are  not  ob¬ 
tained,  w'hich  confirms  the  location  of  the  double  bond  between  the  5-  and  6-carbons  and  the  correctness  of 
formula  (V)  [10]. 


EX  PERIMENTA  L 

Isolation  of  oxoaphyllidine  (I).  The  benzene  extract  which  was  obtained  by  washing  the  acidic  solution  of 
the  total  alkaloids  from  the  high- boiling  fraction  of  the  alkaloids  of  Anabasis  aphylla  (see  Communication  IV  [1]), 
after  drying  and  distilling  off  the  benzene,  gave  an  oily  product  of  neutral  character.  After  repeated  treatment 
with  benzene  and  rccrystallization  from  ether,  crystalline  oxoaphyllidine  was  obtained  successfully  in  a  quantity 
of  0.7  g. 

Found  %  C  69.13,  69.13;  H  7.69,  7.68;  N  10.68,  10.46.  M  260.3,  256,4,  C15H20O2N2.  Calculated  % 

C  69.2;  11  7.69;  N  10.75.  M  260. 

Methyl  ester  of  oxoaphyllidinic  acid.  A  solution  of  0.8  g  of  oxoaphyllidine  in  30  ml  of  methanol  was  re¬ 
fluxed  on  a  water  bath  for  8  hr  while  passing  a  stream  of  dry  hydrogen  chloride  through  the  solution.  Then  the 
methanol  was  distilled  off,  and  the  residue  was  made  alkaline  with  5%  sodium  carbonate  solution  and  extracted 
with  benzene.  After  distilling  off  the  solvent,  the  residue  was  dissolved  in  sulfuric  acid  (to  acid  reaction), 
and  the  unreacted  portion  of  the  starting  material  was  removed  by  benzene  extraction.  The  acidic  solution  was 
again  decomposed  by  5%  sodium  carbonate  solution  and  extracted  with  benzene.  After  drying  and  distilling  off 
the  solvent,  there  was  obtained  0,128  g  of  a  thick  oily  substance,  distilling  at  190*  (1,1  mm). 

Found  *70:  N  9,51, 9.61.  C1CH24O3N2.  Calculated  %  N  9.58. 

Catalytic  hydrogenation  of  oxoaphyllidine.  a)  0,4  g  of  platinic  oxide  in  20  ml  of  2,5%  acetic  acid  was 
agitated  in  a  hydrogen  atmosphere  until  saturated.  Then  0,4  g  of  oxoaphyllidine  was  added  to  the  mixture,  and 
agitation  was  continued  under  the  same  conditions.  A  total  of  36  ml  of  hydrogen  was  absorbed.  At  the  end  of 
the  hydrogenation,  the  catalyst  was  filtered  off,  and  the  filtrate  was  made  alkaline  with  20%  KOH  and  benzene- 
extracted.  After  distilling  off  the  solvent,  0,38  g  of  dihydrooxoaphyllidine  was  obtained  with  m,p.  157-159* 

(from  ether),  [a]^  —73,3*.  The  dihydrooxoaphyllidine  was  readily  soluble  in  alcohol,  benzene,  dioxane,  or  chloro' 
form,  and  difficultly  soluble  in  acetone,  ether,  or  petroleum  ether. 

Found  ‘7o:  C  67.63,  67.61;  H  8.59,  8.60;  N  10.55,  10.45.  Ci5H2202N2.  Calculated  %  C  68.7;  H  8,39; 

N  10.68. 

b)  A  mixture  of  0.6  g  of  platinic  oxide  in  10  ml  of  2  N  hydrochloric  acid  was  agitated  In  a  hydrogen  at¬ 
mosphere  under  slight  excess  pressure.  When  hydrogen  absorption  had  ceased,  0,4  g  of  oxoaphyllidine  was  added 
and  agitation  was  continued  for  10  hr  under  the  same  conditions  (108  ml  of  hydrogen  was  absorbed).  Further 
treatment  of  the  reaction  product  was  the  same  as  in  experiment  a.  After  recrystallization  from  petroleum  ether, 
0.32  g  of  tetrahydrodesoxyoxoaphyllidinc  was  obtained  in  the  form  of  needles  with  m.p,  83-85*.  A  mixed  sample 
with  oxypachycarpine  [d-oxosparteine]  did  not  give  any  melting-point  depression. 
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PIcratc  -  piccipltated  upon  mixing  an  alcoholic  solution  of  the  base  and  picric  acid.  After  rccrytalliza- 
tlon  from  alcohol  it  had  m.p,  ISO- 182*.  A  mixed  sample  with  the  picrate  of  oxypachycarpine  [d-oxosparteine] 
did  not  j^lvc  any  u'.citiag- point  depression. 

Found  1!  l'i.64;  I'l/i.  C15IV.ON2  •  CcHjOTNa,  Calculated  *7^  N  14.67. 

Electrochemical  reduction  of  oxoaphyllidin£,  A  solution  of  0.5  g  of  oxoaphyllldlnc  in  30  ml  of  50®/oK2S04 
v/as  subjected  to  reduction  for  o  hr  at  lead  electrodes  (8  amp,  6  v;  temperature  7-8*),  The  anode  space  was  a 
porous  clay  beaker  filled  witli  25  ml  of  507o  H2SO4.  Treatment  of  the  reaction  product  was  the  san^c  as  in  experi¬ 
ments  a  and  b.  There  \.'as  obtained  0.':3  g  of  crystals  of  tetrahydrodcsoxyoxoaphyllidine,  which  was  converted  to 
the  picrate  by  the  usual  met.hods.  After  rccrystallization,  the  picrate  had  m.p.  180-182*  and  did  not  give  any 
depression  with  the  picrate  of  oxypachycarpine  [d-oxosparteine]. 

Oxidation  of  aphyllfnc,  A  solution  of  0.53  g  of  aphylline  in  50  ml  of  acetone  was  mixed  with  5  ml  of 
water  and  5  ml  of  glacial  acetic  acid.  While  constantly  stirring  the  solution,  0,9  g  of  powdered  potassium  per¬ 
manganate  was  added.  The  manganese  dioxide  precipitate  was  filtered  off  and  v/ashed  with  water.  The  acetone 
was  distilled  off  from  the  scluiicn,  and  the  residue  was  redissolved  in  10  ml  of  20*70  H2SO4.  The  oxoaphylllne  was 
extracted  from  tlie  solution  by  benzene.  After  distilling  off  the  solvent  and  recrystallization  from  ether,  the  0x0- 
aphylline  liad  m.p.  157-159",  -71,3*,  Yield  0,4  g.  Tlie  oxoaphylllne  was  neutral  to  litmus,  did  not  de¬ 

colorize  weak  permanganate  solution  (acidic),  was  readily  soluble  in  alcohol,  dioxane,  benzene,  and  chloroform, 
and  was  moderately  soluble  In  acetone.  A  mixed  sample  with  dihydrooxoaphyllidine  did  not  give  any  melting- 
point  depression. 

Founds  N  10.39,  10.33.  C15H22O2N2.  Calculated  N  10.63. 

Oxidation  of  oxoaphylHdine,  1  g  of  oxoaphyllidine  was  dissolved  in  10  ml  of-SO'/a  H2SO4,  Over  a  20- min 
period,  0,8  g  of  cliromlc  anhydride  in  20  ml  of  water  was  added  to  the  solution;  the  mixture  was  heated  first  for 
3  hr  on  a  water  bath,  then  (aft(;r  the  addition  of  2  ml  of  concentrated  II2SO4  and  6  ml  of  water)  it  was  boiled 
for  5  hr  on  a  sand  bath.  After  cooling,  the  free  and  combined  sulfuric  acid  was  precipitated  from  the  solution  by 
adding  a  saturated  solution  of  barium  hydroxIdc;chromic  hydroxide  was  also  precipitated  from  the  alkaline  solution. 
After  combining  all  of  the  solutions  and  boiling  down  to  a  small  volume,  the  excess  barium  was  precipitated  by 
sulfuric  acid.  The  filtrates,  thus  freed  of  sulfuric  acid,  chromic  hydroxide,  and  barium  hydroxide,  were  boiled  to 
dryness.  In  the  residue  there  v:as  a  thick  oily  substance,  wliich  was  repeatedly  treated  with  acetone.  After  dis¬ 
tilling  off  the  acetone  to  a  small  volume,  crystals  of  y -aininobutyric  acid  were  precipitated  (0,18  g);  these  were 
separated  by  vacuum  filtration,  washed,  and  recrystallizcd  from  methanol,  giving  m.p.  200-202*.  The  acid  was 
readily  soluble  in  acids,  bases,  or  water,  poorly  soluble  in  alcohol,  and  insoluble  in  ether  or  benzene.  Upon  heat¬ 
ing  to  250*  the  y -aminobutyilc  acid  was  converted  to  pyrrolidonc  with  m.p,  25-26*,  wliich  in  air  gave  a  crystal¬ 
line  hydrate  with  m.p,  29.5-30*.  A  mixed  sample  of  iliis  y  -aminobutyric  acM  with  that  obtained  by  aphyllidliie 
oxidation  did  not  give  any  melting-point  depression, 

SUMMARY 

1,  Oxoaphyllidine,  upon  hydrogenation  with  platinic  oxide  in  acetic  acid  solution,  forms  dihydrooxo- 
apliyllidiiui, 

2,  Upon  ri:duetion  of  oxoaphyllidine  with  platinic  oxide  in  hydrochloric  acid  solution,  and  also  by  electro¬ 
chemical  reduction,  oxypachycarpine  [d-oxosparteinc]  is  formed, 

3,  Permanganate  oxidation  of  aphylline  gives  a  new  compound  —  oxoaphylllne  —  which  is  identical  with 
dihydrooxoaphyllidine, 

4,  Oxidation  of  oxoaphyllidine  by  chromic  acid  leads  to  the  formation  of  y  -aminobutyric  acid, 

5,  The  most  probable  structural  formula  for  oxoaphyllidine  has  been  proposed, 
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The  present  article  is  devoted  to  an  investigation  of  a  new  type  of  reaction  for  cleavage  of  the  >N“CO— 
group  of  certain  alkaloids  by  means  of  amides  of  alkali  metals. 

Cases  are  known  in  the  literature  of  the  cleavage  of  nonenollzable  ketones  by  the  amides  of  alkali  metals 
[1],  and  mechanisms  of  these  reactions  have  been  proposed.  In  studying  the  course  of  the  same  reaction  in  the 
case  of  enolizable  ketones,  it  was  successfully  demonstrated  that  such  ketones  are  not  cleaved,  but  are  subjected 
to  enolization  [1], 

We  studied  the  reaction  In  question  with  representatives  of  the  Cjs  alkaloids—  aphylline  and  aphyllidine. 
Based  on  the  structure  of  aphylline  and  aphyllidine  [2],  we  assumed  that  enolization  would  be  possible  in  their 
interaction  with  sodium  amide;  liowever,  as  shown  by  the  study  we  conducted,  these  bases  in  the  given  case  do 
not  undergo  enolization. 

As  a  result  of  the  interaction  of  aphylline  with  sodium  amide  upon  heating  in  benzene  solution,  we  isolated 
with  quantitative  yield  a  new  crystalline  base  of  the  composition  C15H27ON3  with  m,p,  262-264*.  This  base  gives 
crystalline  salts:  hydrochloride  with  m.p,  295-297*,  hydrobromide  with  m.p,  293-295*,  hydrolodlde  with  m,p, 
278-280*,  and  picrate  with  m.p.  220-222*. 

Under  analogous  conditions  aphyllidine  also  gives  a  crystalline  base  C15H25ON3,  previously  undescribed  In 
the  literature,  with  m.p,  239-240*,  from  which  the  following  salts  were  obtained:  hydrochloride  with  m,p,  246 
to  248*,  hydrobromide  with  m.p.  245-247*,  hydroiodide  with  m.p.  241-243*,  and  picrate  with  m.p,  200-202*. 

By  comparing  the  empirical  formulas  of  the  obtained  bases  with  the  formulas  of  the  original  aphylline  and 
aphyllidine  (I),  it  is  readily  observed  that  such  interaction  has  resulted  in  the  addition  of  a  molecule  of  ammonia, 
with  the  formation  of  the  corresponding  amides  of  aphyllinlc  and  aphyllidinic  acids.  This  is  accompanied  by  the 
opening  of  the  >N— CO—  group. 

The  amide  of  aphyllidinic  acid,  upon  hydrogenation  in  acetic  acid  solution  with  platinic  oxide,  adds  two 
atoms  of  hydrogen  and  is  converted  to  the  amide  of  aphylllnic  acid. 

The  amides  of  aphyllidinic  (H)  and  aphyllinic  acids  arc  hydrolyzed  by  dilute  sulfuric  acid,  forming,  re¬ 
spectively,  aphyllidinic  acid  (in)  and  aphyllinic  acid.  For  final  confirmation  of  the  structure  of  these  acids. 
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aphyllidine  and  aphylllnc  were  hydrolyzed  by  sulfuric  acid,  obtaining  aphyllidinic  and  aphylllnic  acids.  These 
acids  proved  to  be  identical  to  the  respective  acids  obtained  from  the  amides. 

By  a  study  of  the  reaction  in  question,  it  was  successfully  demonstrated  that  aphylline  and  aphyllidine  are 
resistant  to  euolization  which,  in  all  probability,  is  caused  by  the  rigidity  of  the  heterocyclic  ring  in  these  bases. 
Similar  facts  for  other  compounds  are  noted  in  the  works  of  L.  Kh,  Freidlin  [3], 

The  course  of  the  reaction  for  aphyllidine  may  be  represented  as  follows; 


Tlie  reaction  scheme  for  aphylline  is  analogous, 

EXPERIMENTAL 

Cleavage  of  aphylline  by  sodium  amide.  To  a  solution  of  8  g  of  aphylline  In  30  ml  of  dry  benzene  there 
was  added  2.5  g  of  pulverized  sodium  amide,  Tlie  mixture  was  refluxed  for  16  hr,  then  the  reaction  product  was 
decomposed  by  water.  The  benzene  layer  was  separated ,  and  the  water  layer  was  chloroform-extracted.  The 
benzene  and  chloroform  solutions  were  combined,  and  the  solvents  were  distilled  off,  llie  residue  was  treated 
with  benzene  Tor  removal  of  unreacted  aphylline.  Then  the  amide  of  aphyllinic  acid  was  subjected  to  recrystal- 
lizntion  from  alcohol- ac  'tone  mixture,  M.p,  2G2-264*,  [etjp)  +19.3*.  Yield  8,02  g.  The  amide  was  readily 
soluble  in  alcohol  or  chloroform,  and  poorly  soluble  in  water,  acetone,  benzene,  or  ether. 

Found  1^-.  C  67.45,  67.17;  H  10.22,  9.9;  N  16.08,  16.18.  M  267,  263,  C15H27ON3.  Calculated  %  C  67.92; 
H  10.18;  N  15.85,  M  265. 

Hydrochloride  —  precipitated  upon  mixing  alcoholic  solutions  of  the  amide  and  hydrogen  chloride.  After 
rccrystallization  from  acetone- alcohol  mixture,  it  had  m.p.  295-297*, [a ]q  +15*. 

Found  Cl  20.7,  20.9.  C15II27ON3  •  2HC1.  Calculated  I0:  Cl  21.0. 

Hydrobromide  —  precipitated  similarly.  After  reciystalllzation  from  anhydrous  alcohol,  it  had  m.p,  293  to 

295*. 

Hydroiodide  —  formed  upon  mixing  alcohclic  solutions  of  the  amide  and  of  hydroiodic  acid.  After  rccrystal¬ 
lization  from  acetone— alcohol  mixture,  it  melted  at  278-280*. 

Picrate  —  precipitated  upon  mixing  the  amide  with  picric  acid;  after  rccrystallization  from  alcohol,  it  had 
m.p.  220-222*. 

Found  Ir.:  N  17,23.  C15H27ON3  •  2C6H3O7N3.  Calculated  N  17,42. 

Hydrolysis  of  the  amide  of  aphyllinic  acid.  A  solution  of  4  g  of  the  amide  in  30  ml  of  307<?  H2SO4  was  re¬ 
fluxed  for  8  lu.  The  reaction  product  was  treated  with  saturated  barium  hydroxide  solution.  The  precipitated 
BaS04  was  filtered  off,  and  the  filtrate  was  washed  with  chloroform.  After  distilling  off  the  chloroform,  there  re¬ 
mained  0,2  g  of  unhydrolyzed  amide.  The  filtrate  was  boiled  to  dryness  and  again  dissolved  in  water,  and  the 
excess  barium  was  precipitated  by  sulfuric  acid  and  filtered  off.  The  mother  liquor  was  boiled  to  dryness,  after 
which  the  acid  was  purified  by  fractional  precipitation  from  alcohol  solution  by  acetone.  The  crystalline  acid 
was  obtained  with  m.p,  217-220*,  readily  soluble  in  water  or  alcohol,  and  poorly  soluble  In  acetone,  benzene,  or 
ether. 

Found ‘7t-.  N  9.76,  9.72.  Cj5H2602N2.  Calculated ‘/o;  N  10.52. 

Hydrolysis  of  aphylline.  A  solution  of  1.2  g  of  aphylline  in  30  ml  of  30%  H2SO4  v/as  refluxed  for  6  hr.  The 
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solution  was  then  treated  with  barium  hydroxide.  The  BaS04  precipitate  was  filtered  off,  and  the  filtrate  was 
washed  with  ether.  The  excess  barium  was  removed  from  the  alkaline  solution  by  acidification  with  sulfuric  acid. 
After  boiling  the  filtrate  to  dryness,  the  aphyllinic  acid  was  purified  by  fractional  precipliatlon  from  alcohol 
solution  by  acetone.  The  acid  was  obtained  with  m,p,  217-220*,  A  mixed  sample  with  the  aphyllinic  acid  ob¬ 
tained  by  hydrolysis  of  the  amide  did  not  give  any  melting-point  depression. 

Found  ‘7";  N  9,87,  9,36,  CisHzeOzNj.  Calculated  %  N  10,52. 

Cleavage  of  aphyllidine  by  sodium  amide,  A  mixture  of  12  g  of  aphyllidine  in  30  ml  of  dry  benzene  and 
3,8  g  of  pulverized  sodium  amide  was  refluxed  on  a  water  bath  for  24  hr.  Further  treatment  was  the  same  as  in 
the  first  experiment.  There  was  obtained  11,7  g  of  the  amide  of  aphyllidinlc  acid  in  the  form  of  colorless  crys¬ 
tals  with  m,p,  239-240*,  [a]j^  426.5*.  The  amide  was  readily  soluble  in  alcohol  or  chloroform,  and  poorly  sol¬ 
uble  in  acetone,  benzene,  or  water. 

Found  ^a-.  C  67.86,  67.80;  H  9.74,  9.86;  N  15.76,  15.71.  M  260.8,  262.2.  C15H25ON3,  Calculated  % 

C  68.4;  H  9.5;  N  15.96. M  263. 

By  the  same  methods  used  for  obtaining  salts  of  the  amide  of  aphyllinic  acid,  the  following  salts  of  the 
amide  of  aphyllidinic  acid  were  obtained:  hydrochloride  with  m.p,  246-248*,  hydrobromide  with  m.p,  245-247*, 
hydroiodide  with  m.p.  241-2*13*,  and  picrate  with  m.p,  200-202*. 

Hydrolysis  of  the  amide  of  aphyllidinic  acid,  A  solution  of  10  g  of  the  amide  in  50  ml  of  30*70  H2SO4  was 
refluxed  for  6  hr.  Further  treatment  of  the  reaction  product  was  carried  out  as  in  the  case  of  hydrolysis  of  the 
amide  of  aphyllinic  acid.  There  was  obtained  10  g  of  aphyllidinic  acid  with  m.p,  228-230*.  The  acid  was 
readily  soluble  in  water  or  alcohol,  and  insoluble  in  ether,  benzene,  or  acetone. 

Found  N  10,8,  C15H24O2N2.  Calculated  *70:  N  10,6. 

Hydrolysis  of  aphyllidine.  A  solution  of  2  g  of  aphyllidine  in  20  ml  of  30*7o  H2SO4  was  refluxed  for  4  hr. 
Further  treatment  was  the  same  as  in  the  hydrolysis  of  aphylline,  Aphyllidinic  acid  with  m.p,  228-230*  was  re¬ 
covered.  A  mixed  sample  with  the  aphyllidinic  acid  obtained  by  hydrolysis  of  the  amide  did  not  give  any  melt¬ 
ing-point  depression. 

Foundin'.  N  9.83,  9.98.  Ci5H2402N2.  Calculated  N  10.6. 

Hydrogenation  of  the  amide  of  apliyllidinic  acid,  A  solution  of  1  g  of  the  amide  in  15  ml  of  5*7o  acetic 
acid  was  agitated  with  0,2  g  of  platinic  oxide  in  a  hydrogen  atmosphere  under  slight  pressure.  In  the  course  of 
2.5  hr,  105  ml  of  hydrogen  was  absorbed.  Then  the  solution  was  filtered,  made  alkaline  with  20‘7«>  KOH,  and 
chlo.oform-extracted.  After  distilling  off  the  solvent,  the  amide  of  aphyllinic  acid  was  recrystallized  from  al¬ 
cohol-acetone  mixture,  M.p,  262-264*.  Yield  0,8  g,  A  mixed  sample  with  the  amide  of  aphyllinic  acid  did 
not  give  any  melting-point  depression. 


SUMMARY 

1.  A  study  has  been  made  of  a  new  type  of  cleavage  reaction  of  the  >N— CO-  group  of  aphyllidine  and 
aphylline  by  interaction  with  sodium  amide, 

2,  It  has  been  shown  that  these  bases  are  resistant  to  the  enolization  reaction.  They  do  not  form  amino- 
compounds,  but  give  amides  of  aphyllinic  and  aphyllidinic  acids  with  quantitative  yields. 
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Phcnoxyacetic  acid  and  its  alkyl-,  aryl-,  and  halo-substituted  compounds  are  numbered  In  the  hundreds; 
they  are  finding  application  as  Insecticides,  herbicides,  and  plant-growth  stimulants  [1],  Of  the  alkylhalophenoxy- 
acetlc  acids,  mostly  chloro-  and  bromo-derivatives  have  been  described  [2],  Alkylfluorophcnoxyacetlc  acids 
have  not  been  studied  at  all.  Nevertheless,  the  alkylhalophenoxyacetic  acids  deserve  the  greatest  attention,  for 
some  of  them  surpass  the  hetcroauxins  as  herbicides  [3,4],  Particular  activity  as  plant-growth  stimulants  and 
herbicides  is  shown  by  fluoro-substituted  phcnoxyacetic  acids  [5,6]  and  by  phcnoxyacetic  acids  having  a  halogen 
in  the  para- position  [7], 

V/e  have  synthesized  12  new  alkylhalophenoxyacetic  acids  from  the  corresponding  alkylhalophenols  and 
chloracctic  acid.  To  carry  out  the  synthesis,  2-3  g  of  the  monoalkylhalophenol  was  dissolved  In  10-15  ml  of 
3370  aqueous  NaOII,  3-4,5  g  of  monochloracetic  acid  was  added,  and  the  mixture  was  heated  in  a  large  test  tube 
for  1  hr  on  a  water  bath  and  then  cooled,  diluted  with  water,  acidified  with  hydrochloric  acid,  and  treated  with 
ether.  The  ether  solution  was  extracted  with  5*^0  sodium  carbonate  solution,  which  was  then  acidified.  The 


Alkylhalophenoxyacetic  Acids 


Substituent  In 

molecule  of 
phcnoxyacetic  acid 

Yield 

(7o) 

Melting 

point 

I 

Molecular  weight 

found  by 
titration 

calculated 

2-  Isonropy  1-  4-  fluoro 

53.8 

124° 

211.8,  213.0 

212.1 

2-sec-Butyl-4-fluoro 

52.0 

102—103 

226.0,  225.8 

226.2 

2-  sec-  A  my  1  -  4-  fluoro 

48.3 

78-79 

241.4,  239.6 

240.2 

2-Cyclohexylr4*  fluoro 

54.7 

120-121 

2.50.6,  252.8 

252.2 

4-sec-Amyl-2-fluoro 

6S.3 

62 

241.0,  240.8 

240.2 

4-Cyclohexyl-2-fiuoro 

48.3 

158-160 

251.8,  252.2 

252.2 

2- Isopropyl- 4-chloro 

76.5 

159 

228.4,  229.2 

228.6 

2-sec-Amyl-4-chloro 

46.1 

100-101 

256.8,  256.0 

256.7 

4-  Isopropy  1-  2-  chloro 

50.7 

72-73 

229.0,  229.6 

228.6 

4-sec-Butyl-2-chloro 

53.3 

84-85 

243.4,  241.6 

242.6 

4-sec“Atnyl-2-chlcro 

46.5 

59—60 

255.7,  255.7 

256.7 

4-Cyclohexyl-2chloro 

74.5 

124-125 

269.4,  268.6 

268.7 
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precipitated  alkylhalophenoxyacctic  acid,  usually  In  the  form  of  white  plates  or  needles,  was  recrystalUzed  from 
water,  petroleum  ether,  or  other  solvent.  The  properties  of  the  acids  obtained  are  listed  In  the  table. 
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